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Abstract  -3 3093 
A height independent dr i f t  which represents  the motion due to 

electrodynamic forces  is inser ted into the t ranspor t  t e r m  of the continuity 

equation for atomic oxygen ions in the upper F - reg ion .  

f o r m  of exponential s e r i e s  a r e  obtained under daytime equilibrium conditions. 

The factors of diffusion, attenuation of so la r  radiation, and lack of tempera ture  

equilibrium between ions and electrons a r e  included in  the solution. 

Solutions in the 

Above the maximum the s e r i e s  converge very  rapidly and a r e  well  

approximated by the f i r s t  few t e r m s .  In this way, simple solutions a r e  

developed which allow experimentally observed electron-or  ion-density 

profiles to be related to the basic  physical p rocesses  of production, l o s s ,  

and t ransport  of ionization. 

Modified solutions to include the effects of helium-and hydrogen -io 

on the electron density profile a r e  developed. 
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1. INTRODUCTION 

1.1 Origin of the Problem 

The electron density in the F-region of the daytime ionosphere is 

known to be controlled by several processes which may be listed as 

production of ionization by solar radiation, loss by recombination, and 

transport of ionization by electrodynamic forces and plasma diffusion. 

At present, this region is undergoing intensive experimental study 

through the use of rockets, satellites, and incoherent back-scatter 

radar. Of particular interest are the lttopside sounderll satellites 

which provide measurements of the electron density from the peak to 

the top of the layer. 

It is the purpose of this study to relate these measurements to the 

basic physical processes of ion production, loss, and transport, and to 

the temperature and relative densities of the ionic constituents. 

1.2 Previously Related Studies 

1.2 1 Layer Formation 

The fundamental equation which is used to include the production, 

loss, and transport of ionization is the continuity equation. 

various terms in this equation are quite complicated and not fully 

understood, no general solution has been found. Some understanding of 

the process of layer formation has, however, been obtained by simplified 

treatments restricted to special cases. 

As the 

Chapman (1931 a,b) showed how a layer can be formed by the absorp- 

tion of monochromatic radiation in an, isothermal atmosphere of uniform 
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composition. 

and t h e  loss ra te  (through recombination) was assumed t o  be quadra t ic  

i n  t h e  electron dens i ty ,  

some height?  and decreased monotonically above t h i s  he ight  because of 

decreasing dens i ty  of absorbi-ng p a r t i c l e s ,  

below t h e  he ight  o f  t he  peak because cf t h e  decrease i n  unabsorbed rad i -  

a t i o n ,  The e l ec t ron  dens i ty  would then roughly fol low t h i s  curve as a 

func t ion  o f  a l t i t u d e 7  wi th  t h e  maximum e l ec t ron  dens i ty  occurr ing  near  

t h e  peak o f  production, 

E f f e c t s  due t o  t h e  t r a n s p o r t  of i o n i z a t i o n  were neglec ted  

The production was found t o  have a maximum a t  

It  decreased monotonically 

Chapman's theory of i o n i z a t i o n  production was found t o  be success- 

f u l  i n  explaining many f e a t u r e s  cf t h e  E-region? however i t  was unable 

t o  account f"or observed d i u r n a l  and seasonal  v a r i a t i o n s ,  and t h e  geo- 

graphica l  d i s t r i b u t i o n  of i,he m a i m u m  e l e c t r o n  dens i ty  i n  t h e  F-region, 

Ponezawa (1956, 1958) obtained s o l u t i o n s  t o  t h e  c o n t i n u i t y  equat ion 

including t h e  e f f e c t s  of d r b f t ,  

atmosphere were obtained i n  terms of  a n a l y t i c  func t ions ,  

more general  cases  ~f atmospheric condi t ions  were obtained by t h e  method 

of  per turba t ion ,  

i n t e g r a l s  which were evaluated numerically,  

thickness  of" t h e  F,-layer was th inne r  than t h a t  p red ic t ed  by Chapman's 

theory,  

i t  w a s  found t h a t  bo th  t h e  m a x i m u m  i o n i z a t i o n  and t h e  he igh t  a t  which 

i t  occurs inc rease  f o r  upward d r i f t s  and decrease  for downward d r i f t s .  

This  e f f e c t  was found t o  be v e r y  pronounced a t  lower l a t i t u d e s ,  becoming 

l e s s  s o  a t  f i d d l e  and high l a t i t u d e s ,  

These s o l u t i o n s  for a p a r t i c u l a r  model 

Solu t ions  f o r  

I n  both  cases:  t h e  solut,ions involved r a t h e r  complex 

Yonezawa found t h a t  t h e  

When t h e  e f f e c t s  of a v e r t i c a l  e lec t ron- ion  d r i f t  were included 
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Rishbeth and Barron (1960) and Gliddon and Kendall  (1960) obtained 

numerical  so lu t ions  t o  t he  cont inui ty  equat ion by means of d i g i t a l  

computers. Rishbeth and Barron concluded that, t h e  magnitudes of t h e  

production, loss9 and d i f f u s i o n  t e r m s  are approximately equal ,  The 

e f f e c t  of a v e r t i c a l  d r i f t  ve loc i ty ,  assumed independent of  he ight ,  on 

t h e  m a x i m u m  e l ec t ron  dens i ty  and i t s  l e v e l  was found t o  be similar t o  

t h e  r e s u l t s  o f  Yonezawa. The shape and th ickness  o f  t h e  equi l ibr ium 

l a y e r s  were found t o  be very  s l i g h t l y  a l t e r e d  by moderate d r i f t s ,  

Gliddon and Kendall  extended t h e  a n a l y s i s  t o  non-equilibrium con- 

d i t i o n s .  

s l i g h t l y  a f te r  noon and t h a t  i n  middle l a t i t u d e s ,  t h e  he igh t  of t h e  

e l e c t r o n  dens i ty  m a x i m u m  increased from about 250 km, a t  noon t o  about 

320 km. a t  midnight, 

It  was found t h a t  t h e  e lec t ron  dens i ty  reached i t s  peak 

Bowhill (1962) s impl i f ied  the a n a l y s i s  by neg lec t ing  a t t enua t ion  

of t h e  ion iz ing  r a d i a t i o n  by t h e  atmosphere, 

c o n t i n u i t y  equation were obtained f o r  equi l ibr ium condi t ions  i n  t h e  

absence of v e r t i c a l  d r i f t s  of" ion iza t ion ,  Bowhill considered more 

gene ra l  atmospheric models than those t r e a t e d  by Ponezawa, 

t o  both  t h e  he ight  and magnitude o f  t h e  m a x i m u m  e l e c t r o n  dens i ty ,  t h e  

resu l t s  were found t o  be cons is ten t  with those of Rishbeth and Barron 

and Yonezawa. 

Analyt ic  s o l u t i o n s  t o  t h e  

With regard 

Nisbet (1963) obtained ana ly t i c  s o l u t i o n s  t o  t h e  c o n t i n u i t y  equa- 

t i o n  i n  t h e  upper F-region under daytime equi l ibr ium condi t ions ,  

a t t e n u a t i o n  of i on iz ing  rad ia t ion  and a s c a l e  he ight  for t h e  i o n i c  

spec ie s  d i f f e r e n t  f rom t h a t  f o r  the n e u t r a l  c o n s t i t u e n t  c o n t r o l l i n g  

The 
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the diffusion were considered. Different scale heights for the molecu- 

l a r  constituent responsible for the recombination, lack of temperature 

equilibrium between ions and electrons, and a non-divergent vertical 

ion drift were also taken into account, It was found that for increas- 

ing geographic latitude at a given time of the year, an increase in the 

neutral atmospheric temperature produced a decrease in layer thickness. 

The effect of the electron ion temperature ratio on the shape of the 

layer in the region of the maximum was found to be very small, 

The height and density of the layer were found to decrease as 

latitude was increased? and the non-divergent vertical drift was found 

to have little effect on the density of the peak, 

upward drifts caused both the height and density of the peak to increase; 

however7 for downward drifts of the same magnitude, while the density 

decreased only slightly, the decrease in the height of the layer maxi- 

mum was much more pronounced, 

In general, small 

1,2,2 Vertical Drifts 

The concept of ionization tzanspoyt was introduced by Martyn (1947 

a,b) in an attempt to account for the peculiar structure of the F-region. 

At the present, it is generally felt that this motion is due to the 

diffusion of ionization under the influence of" gravity and its own 

partial pressure gradient9 and to electrodynamic forces and winds 

associated with the ionospheric current system, 

proposed by Baker and Martyn (1953), currents in the lower ionosphere 

produce a polarization field which is communicated along the geomagnetic 

According to the theory 

lines of force to the F-region where it produces vertical drifts of 

ionization. 
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Duncan (1956) showed t h a t  t h e  divergence of t h e  d r i f t  v e l o c i t y  

r e s u l t i n g  from t h i s  p o l a r i z a t i o n  f i e l d  i s  small, s o  t h a t  t h e  v e r t i c a l  

d r i f t s  of  i o n i z a t i o n  may be taken as independent of height .  

Chandra, Gibbons? and Schmerling (1960) c a l c u l a t e d  t h e  v e l o c i t y  

by i n t e g r a t i n g  t h e  continuit ,y equation from a re fe rence  l e v e l  up t o  

a l e v e l  a t  which t h e  d r i f t  was t o  be determined. A v e l o c i t y  which 

included t h e  e f f e c t s  o f  d i f f u s i o n ,  was found t o  be of  t h e  o r d e r  of  

magnitude of 25 meters/sezond, 

103 Statement of t h e  Problem 

I n  t h i s  work a v e l o c i t y  which r ep resen t s  t h e  d r i f t  due t o  e lec t ro -  

dynamic f o r c e s  i s  included i n  t h e  t r anspor t  term of t h e  c o n t i n u i t y  

equat ion,  

s i o n s  f o r  t h e  production, lossgand d i f f u s i o n  terms a r e  der ived.  

A n a l y t i c a l  s o l u t i o n s  a r e  obtained under daytime equ i l ib r ium condi t ions.  

These s o l u t i o n s  a r e  i n  t h e  form of exponential  series, 

This  v e l o c i t y  i s  taken t o  be cons t an t  with h e i g h t ,  Expres- 

The e f f e c t  o f  a height-independent v e r t i c a l  d r i f t  of i o n i z a t i o n  

on t h e  e l e c t r o n  d e n s i t y  p r o f i l e  i n  the  upper F-region i s  determined. 

The v a r i a t i o n  i n  th i ckness  and shape o f  t h e  l a y e r  i s  examined by means 

of t h e  atmospheric parameter known as  SCAT. At, h igher  a l t i t u d e s ,  helium 

and hydrogen i o n s  become important ,  Modified equat ions t o  inc lude  t h e i r  

e f f e c t  on t h e  e l e c t r o n  d e n s i t y  p r o f i l e  a r e  derived. 
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2. THEORETICAL DEVELOPMENT OF THE PRL)BLm 

2.1 Repion Where Atomic Oxygen Ions Predominate 

In  accordance with present  day ideas ,  atomic oxygen, 0, i s  t h e  

major ionized c o n s t i t u e n t  i n  the  F-region o f  t h e  ionosphere. This  

atom i s  general ly  thought t o  be ionized by a quantum of  s o l a r  radia-  

t i o n ,  hv, i n  the  extreme u l t r a - v i o l e t  range according t o  t h e  r e a c t i o n  

(2.01) + 
O + h v - + O  + e  

thus producing a f r e e  e l ec t ron  and an atomic oxygen ion. 

surements using ion  mass-spectrometers have w e l l  est .ablished t h a t  0 

ions  predominate i n  t h e  height, range above 200 km. 

and Holmes (1958) measured the  ion composition o f  t h e  upper atmosphere 

over Fort  Churchill ,  Canada. Their  measurements revealed t h e  presence 

of p c s i t i v e  ions of 32, 30, and 16 atomic mass u n i t s  corresponding t o  

0, , NO , and 0 r e spec t ive ly .  The he igh t  d i s t r i b u t i o n  of t hese  i o n s  

was determined i n  three sepa ra t e  experiments and i t  w a s  found t h a t  t h e  

predominate ion w a s  0 

2,2 Continuity Equation 

Rocket mea- 
i- 

Johnson, Meadows, 

+ + + 

+ 
near  t h e  peak of t h e  l a y e r .  

The con t inu i ty  equation f o r  atomic oxygen ions  i n  t h e  F-region 

during t h e  day may be w r i t t e n  

ani 

a t  - -  - Qz - Lz  - d i v  (niv) (2.02) 

where n 

z (production f u n c t i o n ) ?  L 

z (loss funct ion) ,  and the  term d i v  (niv) t a k e s  i n t o  account t h e  outward 

i s  the ion  dens i ty ,  Qz i s  t h e  ra te  of ion production a t  he igh t  i 

i s  t h e  ra te  of i o n  recombination a t  he igh t  
Z 
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f l u x  of i o n i z a t i o n  wi th  

measured from t h e  i o n  d e n s i t y  m a x i m u m ,  

a v e r t i c a l  ve loc i ty ,  v )  and z i s  t h e  he igh t  

2,2,1 Production Term 

The production term i n  t h i s  work i s  t h e  same as t h a t  of  Nisbet 

(1963) i n  which t h e  non-monochromaticity of t h e  r a d i a t i o n  r e spons ib l e  

f o r  t h e  i o n i z a t i o n  of  atomic oxygen i n  t h e  F-region was taken i n t o  

account. 

wavelength i s  a l s o  considered, 

The independence of t h e  photon absorpt ion r a t e s  and t h e  

Under t h e s e  cond i t ionsg  t h e  production a t  h e i g h t  z may be repre- 

sented by 

where N(0) i s  t h e  atomic oxygen densi ty  and p i s  some f a c t o r  t h a t  de- 

pends on t h e  s o l a r  f l u x  components and t h e  appropr i a t e  cross-sect ions 

o f  atomic oxygen, 

w i l l  be absorbed, p w i l l  decrease with decreasing a l t i t u d e .  

Since some of the r a d i a t i o n  e n t e r i n g  t h e  ionosphere 

Nisbet (1963) found t h a t  above approximately 150 km,, experimental  

d a t a  could be f i t t e d  adequately t o  t h e o r e t i c a l  p r o f i l e s  i f  

00 

- - { l - ~  sec  \1, N ( O ) ,  exp[ (l-a):]dz} 
Z 

p, Po3 

where N(0) i s  t h e  atomic oxygen densi ty  a t  t h e  m a x i m u m  of t h e  ioniza-  

t i o n  d e n s i t y ?  H i s  t h e  s c a l e  height o f  atomie oxygen, a and Y are 

e m p i r i c a l l y  determined cons t an t s ,  and I) i s  t h e  s o l a r  z e n i t h  angle ,  

The s c a l e  he igh t  i s  an important parameter i n  aeronomic work which 

determines t h e  ra te  a t  which t h e  number d e n s i t y  o f  unionized a i r  
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particles decreases  with height., It. is defined as 

H =  kT 
5 mj g 

(2.05 ) 

where k is Boltzmann's constant, T is the temperature in degrees 

Kelving m. refers to the mass of the jth constituent and g is the 

gravitational acceleration, 
J 

In an atmosphere where the neutral 

constituents are in diffusive equilibrium it is necessary to allow 

each constituent to have its own scale height, 

If the neutral atomic oxygen is assumed to follow a diffusive 

equilibrium distribution, equation 2.04 may be combined with equation 

2,O3 to give 

provided that a is greater than 1, Equation 2.06 may be written 

= % exp[-i] - pm exp[-?j Qz (2 .07)  

where 

and 

z 0 2 " 2  Loss Term 
i- The 0 ions are lost by a two-stage process involving the forma- 

tion and subsequent dissociative recombination of molecular ions: 

molecular gas participating in this process may be either molecular 

the 
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nitrogen, N,, or molecular oxygen, 0,. The formation of molecular ions 

is accomplished by an ion-atom interchange process first proposed by 

Bates and Massey (19.47) in which the atomic ion, produced in the reac- 

tion of equation 2.01, interacts with an unspecified molecular species 

xy, 

o+ + XY -+ xo + + Y (2.10) 

4- 
to produce a molecular ion XO and a neutral atom Y. This reaction is 

then followed by dissociative recombination of the molecular ion XO 

with a free electron, 

+ 

XO+ + e -+ 0' + X' (2.11) 

into excited atoms (indicated by the primes on X' and O ' ) o  

The rate of recombination is assumed to depend on the rate of the 

reaction in equation 2.11, Under these conditions, the loss rate is 

given by 

L~ = y N(XY), ni exp[-+j (2.12) 

or 

L = p n. exp -- (2.13) 
53 m i  [ :I 

where 

and b is a parameter that depends on the concentration of the mole- 

cular gases, 
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where H{O) is the scale height of atomic oxygen and H(XY)  is the scale 

height of the molecular gases. If XY is presumed to be molecular oxy- 

gen, b would be 2.0; if molecular nitrogen, b would be 1.75. 

2.2.2 Transport 

The movement term in the continuity equation is due to changes in 

temperature, diffusion, and electrodynamic drifts in the F-region. In 

this work only vertical movements shall be considered so that the drift 

term may be written 

(2.16) 1 div(niv) = a [ni(vi + vf) 

where v 

sion, and vf is the upward component due to electrodynamic forces and 

which is assumed independent of height., Since we are considering the 

is the vertical component of the drift velocity due to diffu- i 

continuity equation under equilibrium conditions, motions due to the 

thermal expansion and contraction of the atmosphere are neglected. 

The equation of motion for the ions in this region is, Nisbet 

(19631, 

m v  v kTi ani - -  i i n i  - 
sin21 - - mig + qE - a Z  

i 
(2.17) 

and that for the electrons is 

(2.18) 

where I is the geomagnetic dip angle, m 

ion masses, n and n 

concentrations and which will be assumed equal, v 

and m are the electron and e i 
are the electron and ion number densities or e i 

and vi are the e 

vertical diffusion velocities of the electrons and ions with respect 
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t o  t h e  n e u t r a l  atmosphere, ven and vin a r e  t h e  c o l l i s i o n  f requencies  f o r  

t h e  e l e c t r o n s  and ions  wi th  n e u t r a l  p a r t i c l e s ,  q i s  t h e  charge of an 

e l ec t ron ,  T 

and E i s  t h e  e l e c t r i c  f i e l d .  

and T .  are t h e  equivalent e l e c t r o n  and ion temperatures,  e 1 

i s  s m a l l ,  en t h e  r a t i o  o f  the c o l l i s i o n  f requencies  - 
'in 

Since m << m e i) 

and s i n c e  the  ion  and e l ec t ron  d r i f t  v e l o c i t i e s  are approximately equal ,  

t h e  approximation 

m v v << m . v .  v (2019)  e en e 1 i n  i 

may be made, 

g ives  t h e  ion  d i f f u s i o n  v e l o c i t y  

Subs t i t u t ing  equations 2,18 and 2.19 i n t o  equat ion 2.17 

k(T + Ti )  ani v = - g y [ 1 +  s i n  e 
i nom.  g i n  1 1  

(2,20) 

The c o l l i s i o n  frequency between i o n s  and n e u t r a l  p a r t i c l e s  i s  

assumed t o  decrease exponent ia l ly  with he ight  wi th in  the  region of 

i n t e r e s t ,  s o  t h a t  i n  genera l ,  

i n  - - 'in exp[- 3 
m 

(2,21) 

The e l e c t r o n  and ion  temperatures may be d i f f e r e n t ,  so  a parameter 

d i s  def ined as 

Ti 
Ti + Te d z  

which may have a va lue  less  than 0 0 5 .  

(2.22) 

Nisbet (1963) def ines  a diffusion c o e f f i c i e n t  a t  t h e  ion  d e n s i t y  

m a x i m u m  

H s in21  

m 'in Dm = g d (2.23) 
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Equation 2.20 may thus  be w r i t t e n  

nid ani 
n .v  = - Dm e x p r y ]  { -jj- + q } i i  

which i s  j u s t t h e  upward f lux  of i ons  due t o  d i f fus ion .  

Subs t i tu t ing  equat ion 2.24 i n t o  equat ion 2.16 and performing t h e  

d i f f e r e n t i a t i o n  g ives  t h e  t r a n s p o r t  term i n  t h e  con t inu i ty  equation as 
ani a 2ni ani 

div(niv) = v f - a Z  - Dm exp[y] {w + (T) + $ ni } 

2,3 Solution of  t he  Equation 

Subs t i tu t ing  equat ions 2,07, 2,13, and 2,25 i n t o  equat ion 2.02 

gives  

ani 
at = gm exP[-;] - pm exp[ -y j  - pm ni exp[-F] 

ani a 2ni ani 

- - v  f - a Z  + D m e x p [ ~ ]  -( g + (y) + $ ni } (2 .26)  

ani 
For condi t ions of equi l ibr ium where at = 0 a t  a l l  a l t i t u d e s ,  equation 

2,26 may be w r i t t e n  

The so lu t ion  

ponen t i a l  s e r i e s  

(2.27) 

t o  equation 2,27 may be obtained i n  t h e  form of ex- 



h n=O 
00 

(2,28) 

where h i s  a f l o a t i n g  index t o  be  determined and n i s  an i n t e g e r .  By 

s u b s t i t u t i n g  equation 2,28 i n t o  equation 2.27, i t  may be shown t h a t  

equat ion 2,27 i s  s a t i s f i e d  i f  

A =  l + c a n d  h = a + c  

and by va lues  of h t h a t  s a t i s f y  the equation 

namely, h = c and h = d o  With these va lues  of  h s u b s t i t u t e d  i n t o  equa- 

t i o n  2,28, t h e  s o l u t i o n  may be wr i t t en  

i = 1 { Bd+n(b+e) exp[-(d+n(b+c)) ] 
n = O  

-k Bc+n(b+c) exp[-ic+n(b+c))g z ] + Bl+c+n(b+c) exp[ - (l+c+n (b+c ) ): ] 

+ Ba+c+n (b+c ) exp[-(a+c+n(b+c)): ] } 
00 

exp - (@+ne >" ] 
+ 1 (Bd+nc exp[- (d+nc); ] + '@+,c iI H 

n = l  

+ Bl+c+nc 

Equation 2,30 may be w r i t t e n  
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where SI through S8 are series of exponent ia l  terms t h a t  a r e  func t ions  

of z. 

By s u b s t i t u t i n g  equat ion 2,30 i n t o  equation 2.27 and comparing 

c o e f f i c i e n t s  i n  the  n = 0 term, i t  may be shown t h a t  

- - %H 1 _ -  
B1+C Dm (l+c-d) 

and 

- PmH ' 1 - 
D a(a+c-d) m Ba+c 

Recursion r e l a t i o n s  for t h e  genera l  c o e f f i c i e n t s  BIT and B 

s e r i e s  are 

i n  each A 

- - HZBm 1 BrI - 
(II-c) (IT-d) 'IT- (b+c) Dm 

(2.34) 

and 

(2.35) 

respect ively.  Three parameters o f  equation 2.31 remain t o  be de te r -  

2.3.1 Location of t h e  Ion Density Maximum 

Equation 2,3O may be d i f f e r e n t i a t e d  wi th  r e s p e c t  t o  z t o  g ive  t h e  
an.  

0, 
1 -  The peak i s  loca ted  where - - r a t e  of change o f  t h e  i o n  dens i ty ,  

s o  t h a t  a t  t h e  maximum 

a2 

00 

n= 0 

[a+c+nc] f (2 .36)  



which may be w r i t t e n  

00 n.d 

+ Pm s ni exp[-F] dz + Dm exp[y] {* + ?} 
H - 

+ Bl+c IS,, + slsI + B ~ + ~  [s12 + sl6I 

(2.40) 
H 2 1 -  

(2.37) 

2.3.2 Upper Boundary Condition 

Th i s  boundary condi t ion was obtained by Nisbet  by imposing t h e  re- 

s t r a i n t  t h a t  t h e  n e t  downward t r anspor t  of  i o n i z a t i o n  through a l e v e l  

a t  which z = H/btc i s  equal  t o  t h e  t o t a l  i on  production minus t h e  t o t a l  

i o n  recombination above t h a t  l e v e l .  Th i s  may be expressed as 
00 00 

-ni (vi+vf) = s Q B  dz - L z  dz 

H 
b t C  
- H 

b+c 
- 

S u b s t i t u t i n g  equat ions 2.07, 2.13, and 2-24. i n t o  equation 2.38 gives  

00 00 

nivf = - s, s exp[-i] dz + pm exp[-y] dz 
H 

b+C 
- H 

b t C  
- 

S u b s t i t u t i n g  f o r  n from equation 2.30 and performing t h e  i n t e g r a t i o n s ,  

one o b t a i n s  

i 
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oc 
rl 

n=O 

00 n 

n=O 

yl+c+n(b+c) 
+ 'm l+c+b+n(b+c)] - b+c [ (- I + n + I)] 

n= 0 

n= 0 

00 
r- 

+ p m H  L 
n=O 
yB a+c+b+n (b+c)] exp[-( 

+ n + 111 

n=O 

'd+nc 
+ 'm 1 d+btnc 

n= 0 

n= l  

B 
+ ~ r n  H C c+b+nc exp[-( " T C ) ]  

n= 1 

00 n 

n=l  
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n=l  

u - - m 1 [l+c-d+nc] B1+e+ne 
H 

n=l 

n=P 

[ a+c-d+nc] Ba+c+nc H 
n=l  

By examining only t h e  n = 0 term and us ing  t h e  recurs ion  r e l a t i o n  

given i n  equat ion 2*3L+, it may be shown t h a t  equat ion 2.40 reduces t o  

n v = - H em[- K- 1 + ; H pm exp[-&] i f  

- -  Dm (e-d) Be - - Dm (l+c-d) Bp+, ex$-&] 
H H 

Using t h e  r e l a t i o n s  for  Bl+e and B,@ t h a t  were der ived  i n  equat ions 

2.32 and 2.33, equation 2.41 reduces t o  

H n v  - 
i f Dm(C-d) Be - - 

2*3.3 To ta l  Production and Loss & _the Layer 

Under equi l ibr ium condi t ions,  t h e  t o t a l  i o n  production and l o s s  i n  

t h e  l a y e r  must be equal,  This is wri t ten  
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,,+ 00 +oo 

Nisbet wr i t e s  t h e  t o t a l  production as 

,+ 

(2.43) 

where C Oma i s  t h e  sum of t h e  products of t h e  s o l a r  EUV f lux  compo- 

n e n t s  and t h e  r e l e v a n t  i o n i z a t i o n  c ros s  s e c t i o n s ,  and '1 i s  an 

e f f i c i e n c y  f a c t o r  r e l a t e d  t o  t h e  absorpt ion of i o n i z a t i o n  by o t h e r  

cons t i t uen t s .  

From equations 2.13 and 2.30, t h e  l o s s  term may be w r i t t e n  as 
00 

00 

SL, dz = P m H  { 1 [ Bd+nO- d+b+n(b+c) exp[-(d+b+n(b+c))i ] 
Z n= 0 

+ Bc+n (b tc )  exp[- (c+b+n ( W c )  ):I + Bl+c+n(b+c) exp[- (l+c+b+n (b+c) )i ] 
c+b+n(b+c) 1+c+trtn (b+c) 

+ Ba+ c+n ( b+ c ) exp[- (a+c+b+n ( ~ c )  ): J a+c+btn (we) 
00 

+ 1 [Bd+nc exp[- (d+b+nc):] + Bc+nc e+b+nc exp[- (c+b+nc)X] d+btnc 
n = l  

+ Bl+c+nc 1+ c+b+n c exp[- (l+c+trtnc ); j + Ba+c+nc a+c+b+nc exp[- (a+c+b+nc)i]} (2.45) 

which may be w r i t t e n  
00 



, 
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where t h e  v a r i a b l e  z i s  t o  be evaluated a t  xinus i n f i n i t y .  

shown t h a t  i n  t h e  l i m i t  as z becomes l a r g e  and negat ive,  S,, << S I 7 ,  

S,, << S , 8 ,  S 2 3  << S 1 9 ,  and S2& << S,,, 

It  may be 

S u b s t i t u t i n g  equat ions 2.46 and 2.44 i n t o  equation 2.43 under t h i s  

approximat ion  g ives  

I n  t h e  l i m i t  as z -+ -00, s e r i e s  SI 7, SI  8 )  SI 9 and S,, become i n f i n i t e ,  

however t h e i r  r a t i o  remains f i n f t e  t o  g ive  

H2Pm 

Dm 
Equations 2.37 and 2,48 a r e  both funct ions of  Bd and - a 

Taking t h e  

v a l u e s  for Bc, B1+@, and Ba+@ previously ca l cu la t ed ,  t h e s e  two equa- 
H2P- 

I t  has been found . Iri 

m 
t i o n s  may be  solved simultaneously f o r  B 

convenient t o  so lve  these  equations by having a d i g i t a l  computer search 

and --- D o  d 

H 2 P m  

Dm 
f o r  v a l u e s  o f  __ t h a t  give t h e  same value o f  B d Tor t h e  two equations. 
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3, EFFE;CT OF HELIUM AND HYDROGEN IONS 

A t  l e v e l s  of  more than two s c a l e  he igh t s  above t h e  maximum,  t h e  

atomic oxygen ion  d e n s i t y  given by equation 2,3O, f o r  a t y p i c a l  model 

atmosphere, i s  approximated t o  wi th in  1 percent  u s ing  t h e  f i rs t  terms 

i n  s e r i e s  S,, With t h i s  approximation, equation 2.30 becomes 

ni = Bd exp[- 21 
This approximation i s  a l s o  made by Nisbet because a t  t h e s e  p a r t i c -  

u l a r  l e v e l s ,  t h e  production and loss terms i n  t h e  c o n t i n u i t y  equation 

a r e  s m a l l  and t h e  low-values of  i on -neu t r a l  p a r t i c l e  c o l l i s i o n  frequen- 

c i e s  allow l a r g e  d i f f u s i o n  v e l o c i t i e s  t o  r e s u l t  f o r  ve ry  small depa r tu re  

from a d i f f u s i v e  equi l ibr ium p r o f i l e ,  

For a d i f f u s i v e  equi i ibr ium p r o f i l e  equation 2.17 may be w r i t t e n  

f o r  each ion ic  c o n s t i t u e n t  

ani 
k T i ~ - -  - m.n.g + qE n 

1 1  i 

When more than one type of i on  i s  p r e s e n t ,  equation 3.02 may be summed 

over t h e  var ious i o n i c  spec ie s  t o  g ive  

For  the e l e c t r o n s ,  u s ing  t h e  same approximation, equat ion 2.18 may 

be w r i t t e n  
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It may be assumed in this region that 

ane ani 
-=[a, a Z  

i 

and also that 

n e = I n i  

i 

(3.05) 

Combining equations 3.03, 3.04, 3.05, and 3.06 with the approximation 

that me << mi, we obtain 

which may be written 

where m+ 1 mini / 1 ni. 
i i 

Equation 3.08 may be integrated to give 

Substituting equation 3-02 into equation 3-04 gives 

Substituting equation 3.08 into equation 3.10 gives 

(3.08) 
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which may be i n t e g r a t e d  t o  g ive  

Z 

n = n exp[- J 
2 0  

i i 0  

I 
From equation 3.05, H. = - 

1 mig 
Z C mini = exp[- J 

i 2 0  

, SO t h a t  

gm+ (14) 
kT 

. 1 n exp[- ( ) ] 
i0 i i 

S imi l a r ly  , 

(3 .13)  

1 i 

With equations 3.13 and 3.14, w e  can c a l c u l a t e  t h e  mean molecular mass, 

o r  

m+ 

C m.n. 
- 1 1 1  

m+ - C n .  

If we define a dummy v a r i a b l e  

A E 1 n exp[- (?)I i0 

(3.15) 

(3.17) 
i I 



Then 

and 

Equat i  

exp[- ( 7 )  ] 
i 

C mini, 
- -  dA - -  2.- 

kT : dz 

3-19 

which becomes 

I i 
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, 

I 

i 
I 

i 
I 

I 
I 

I 

1 

y be i n t e g r a t e d  t o  obt i n  

Z 

dz = l o g  A e 
ZO 

(3.18) 

(3.19) 

(3.20) 

If we make t h e  approximation given i n  equation 3.16, equat ion 3.21 may 

be w r i t t e n  

S u b s t i t u t i n g  equation 3,22 i n t o  equation 3.09 g ives  

(3.23) 

I n  r eg ions  where helium and hydrogen i o n s  a r e  of importance t h e  

f i r s t  term i n  s e r i e s  S I ,  given i n  equation 3.01, may be modified t o  

g ive  t h e  e l e c t r o n  d e n s i t y  
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n = B 
e d 

(3.24) 

+ + + 
where N(O ) o ,  N ( H e  ) o ,  and N(H ) o  a r e  t h e  atomic OKYgen-, helium-, and 

hydrogen-ion d e n s i t i e s  a t  t h e  datum l e v e l  zo, provided t h a t  

and + 
N ( H ,  > o  

<< 1 - 
R2 N ( O + ) ,  

and zo, the he igh t  of t h e  datum l e v e l  above t h e  maximum, i s  su f f i c i en t -  

l y  l a r g e  t h a t  t h e  f i rs t  term i s  s e r i e s  S, predominates. 

The complete s o l u t i o n  f o r  t h e  equ i l ib r ium e l e c t r o n  d e n s i t y  may 

thus  be obtained by combining equat ions 2.32 and 3.24 t o  g ive  
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4e  RESULTS OF THE ANALYSIS 

4 * l  P r o f i l e s  

Equation 3.25 i s  solved using the  r e l a t i o n s  f o r  Bd, Bc, Bl+c, 

H2Pm 

D- 
Ba+c' and - t h a t  were der ived i n  t h e  previous sec t ions .  The 

equat ion i s  programmed f o r  computation by an IBM 7074 d i g i t a l  @om- 

pu te r .  The computer c a l c u l a t e s  the e l e c t r o n  d e n s i t y  and p l o t s  i t  

as a func t ion  of both g e o p o t e n t i a l h e i g h t  z and true he igh t .  

I n  o rde r  t o  i l l u s t r a t e  t he  e f f e c t  of a height-independent v e r t i -  

c a l  d r i f t  on t h e  electron- ,densi ty  p r o f i l e ,  s e v e r a l  p l o t s  with d i f f e r e n t  

v e l o c i t i e s  were made, then superimposed on a ze ro -d r i f t  p l o t .  Figure 

1 i l l u s t r a t e s  t h e  form of  t h e  r e s u l t s  f o r  s e v e r a l  v e l o c i t i e s .  For 

t h i s  f i g u r e  t h e  fol lowing va lues  f o r  parameters were assumed: 

0.100 pm - a = 2.00, b = 1.75, c = 1.00, d = 0025,  - - 
%I 

g = 2 x 10-9 s l O o 7  N ( O )  sec-' Nisbet  (1963) 

T = 7.05' S I o a 7  + 372OK Jacch ia  (1963) 

Nisbet and &inn (1963) p = 4 x 10-l~ N ( N , )  s ee  

.5 x 10l9 s i n 2 1  T m 2  se@ Shimazaki (1959) 
n (M) 

D = 4  

- 1  

- 1  

where S l O m 7  i s  t h e  monthly mean value of  t h e  10.7 cm. s o l a r  f l u x  number 

and n(M) i s  t h e  number d e n s i t y  of the main n e u t r a l  c o n s t i t u e n t .  

atmospheric d e n s i t i e s  a r e  taken f r o m  atmospheric models due t o  Nico le t  

(1961). The helium- and hydrogen-ion d e n s i t y  r a t i o s  a r e  those used by 

Nisbet (1963) as ca l cu la t ed  from models due t o  Bauer (1963). 

Neutral  
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s e  

The e f f e c t  of an upward d r i f t  o f  t h e  e l ec t ron -dens i ty  

n t o  s l i g h t l y  i n c r e a s e  t h e  content of t h e  l a y e r ,  This  

p r o f i l e  i s  

ncrease i s  

l e s s  than one o rde r  of magnitude f o r  d r i f t s  up t o  20 meters p e r  second. 

Downward d r i f t s  tend t o  decrease the content  of  t h e  l a y e r ,  however, 

t h e i r  e f f e c t  i s  much more pronounced than f o r  upward d r i f t s  of t h e  same 

magnitude. The he igh t  o f  t h e  maximum e l e c t r o n  d e n s i t y  remains f a i r l y  

cons t an t  f o r  both upward and downward d r i f t s ,  dec reas ing  s l i g h t l y  f o r  

s t r o n g  upward d r i f t s .  

4.2 Approximate P r o f i l e s  

Above t h e  m a x i m u m ,  s e r i e s  S, through s8 i n  equat ions 2.30 and 3.25 

a r e  w e l l  approximated by t h e  f i r s t  f e w  terms. I n  gene ra l ,  i n  t h i s  re- 

t i o n  i f  t h e  height-independent d r i f t  i s  neglected a t o t a l  of only f i v e  

terms i s  r equ i r ed  t o  approximate the e l ec t ron -dens i ty  t o  w i t h i n  1 per- 

cent .  When t h e  d r i f t  i s  p resen t ,  i t  i s  necessary t o  inc lude  t h i r t e e n  

terms t o  make t h i s  approximation. 

Thus, equation 3*25 may be wri t ten 
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where 

Pm 
K ,  = B /%,  L 2 = c  

/9, , L, = l+c Pm 
l+c K 3  = B 

/% , L, = a+c Pm 
Ba+c K, = 

, L, = d+b+c P, H 2 P m  1 
(b+c) (b+d) K , = B  -- 

d %  Dm 

L 6  = b+2c P, H 2 P m  1 -- 
Dm (b+c) (b+2c-d) K 6  = Bc 9m 

P, H 2 P m  1 
(l+b+c ) (l+c+2c-d) K , = B  -- 

Dm l+c % 

d %  Dm 
K 8 = B  -- Pm vfH - 1 , L 8  = d+c 

, L, = l+b+2c 

L 9  = 2c Pm "fH 1 

Dm 
- -  

K 9  = Bc 9m 

K l O  = B l + c  9m 

(2c-d) ' 

L , o  = 1+2c I Pm 1 
Dm (1+2c-d) ' 

'1 1 = Ba+c Pm (a+2c-d) 1 
' L ,  = a+2c 

A computer program has been wri t ten t o  calculate  these parameters 

f r o m  equations 2.31, 2.32, 2.33, 2.34, 2.42, and 2.49, and t o  p r in t  



- 29 - 

them i n  t h e  form of  t a b l e s .  

i n  t h e  parameters of t h e  atmospheric model a ,b , c ,d ,  

parameters r e l a t e d  t o  t h e  height-independent v e r t i c a l  d r i f t .  

parameters are def ined as 

For t h i s  program i t  i s  necessary t o  read 

Pnl /qm, and two 

These 

and 

n v  
GIM = ‘/%H 

vfH 
/Dm VF = 

The computer a l s o  p r i n t s  ou t  t h r e e  parameters o f  t h e  peak e l e c t r o n  den- 

by Rishbeth and Barron, s p e c i f i e s  the h e i g h t  of  t h e  l a y e r .  SCAT i s  a 

t h i c k n e s s  ?arameter t h a t  i s  determined by t ak ing  p o i n t s  from a reduced 

t rue-height  p r o f i l e  and f i t t i n g  a curve t o  them. 

parameter SCAT/H i s  t h e  quarter- thickness  of  a parbola  f i t t e d  t o  t h e  

I n  t h i s  work, t h e  

peak of  t h e  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n .  SCAT/H i s  de f ined  as, 

Nisbet (1963) 

Table 1 i n  t h e  appendix gives  va lues  of t h e s e  parameters and co- 

e f f i c i e n t s  f o r  s e v e r a l  atmospheric models. 

a r e  ranges of t h e  parameter f o r  the a t t e n u a t i o n  of s o l a r  r a d i a t i o n ,  

Values of t h e  parameters are given for each model under t h e  e f f e c t s  

o f  bo th  upward and downward d r f f t .  

Included i n  t h e s e  models 
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5* SUMMARY AND CONCLUSIONS 

L !jO1 Statement o f  t h e  Problem 

The purpose of t h i s  work w a s  t o  develop s o l u t i o n s  t o  t h e  F-region 

con t inu i ty  equation, t ak ing  i n t o  account t h e  e f f e c t  of  a height-  

independent v e r t i c a l  d r i f t ,  i n  o rde r  t h a t  experimental ly  observed 

ion- o r  e lectron-densi ty  p r o f i l e s  may be r e l a t e d  t o  t h e  b a s i c  phys i ca l  

processes  of  production, l o s s ,  and t r a n s p o r t  of  i o n i z a t i o n .  

5.2 Review of t h e  Procedure 

A v e l o c i t y  which r e p r e s e n t s  t h e  d r i f t  due t o  electrodynamic f o r c e s  

was i n s e r t e d  i n t o  t h e  t r a n s p o r t  term of  t h e  c o n t i n u i t y  equation f o r  

atomic oxygen ions.  

Expressions f o r  t h e  production, l o s s ,  and d i f f u s i o n  of i o n i z a t i o n  were 

This  v e l o c i t y  was taken t o  be cons t an t  w i th  height.  

der ived.  The production term used was 

where Q 

t h e  sca l e  he igh t  o f  atomic oxygen, s, pm and a are  chosen t o  f i t  as- 

sumed p r o f i l e s  of atomic oxygen-ion production. 

i s  t h e  ra te  of atomic oxygen-ion production a t  height  z, H i s  
2 

The l o s s  term used w a s ,  

(5 .02)  

where L z  i s  t h e  ra te  of  recombination of atomic oxygen-ions a t  he igh t  

z, and pm i s  t h e  l i n e a r  recombination c o e f f i c i e n t  e f f e c t i v e  a t  t h e  ion- 

d e n s i t y  maximum. 
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Transport  of  i o n i z a t i o n  was given by, 

ani a 2ni ani 
d t v ( n . v )  1 = v f - a Z  - Dm exP[y] {g + cy] + $ ni} (5.03) 

where v 

a d i f f u s i o n  c o e f f i c i e n t ,  def ined as 

i s  t h e  d r i f t  v e l o c i t y  due t o  electrodynamic f o r c e s  and Dm i s  f 

H s i n  21 

m 'in d D z g  m 

i s  t h e  ion -neu t r a l  p a r t i c l e  c o l l i s i o n  frequency, de f ined  as 'in 

(5.06) 

a t  t h e  i o n  densi ty  m a x i m u m ,  c i s  a f a c t o r  chosen t o  
m 'in where vin = 

f i t  t h e  assumed n e u t r a l  atmospheric model being used. 

The non-equilibrium of  electron-ion temperatures i s  as considered 

i n  t h e  f a c t o r  d ,  de f ined  as 

T: 
d = A  

Ti+Te (5.07) 

where T i s  t h e  i o n  temperature and T t h e  e l e c t r o n  temperature. i e 

Solut ions t o  t h e  c o n t i n u i t y  equation under equi l ibr ium cond i t ions  

were obtained i n  t h e  form o f  exponential  s e r i e s .  Above t h e  maximum, 

t h e s e  s e r i e s  were found t o  converge ve ry  r a p i d l y  and may be approxi- 

mated by t h e  f i r s t  few termso 

With these  approximations t h e  e l e c t r o n  d e n s i t y  was found t o  be 

given by 
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[ + K, exp - L~ + K, exp - r k j  + K, exp - - c H I  

+ K, exp[- %] + K 6  exp[- y] + K, exp[- v] 
+ K 8  exp L8z  + K, exp[- y]  + K,, exp[- 

+ K , ,  e x p [ - L j  L z  + K ,  exp[- --!.$I L z  + K, exp[- L z  *] } (5.08) 
H 

where 

and 

a t  l e v e l  z = zoe 

5 3 Conclusions 

The e f f e c t  of a height-independent d r i f t  on t h e  electron-densi ty  

p r o f i l e  f o r  v a r i o u s  assumptions about n e u t r a l  atmospheric models and 

i o n i z i n g  r a d i a t i o n  may be s tud ied  us ing  t h e  va lues  given i n  Table 1. 

The parameter SCAT/H i s  of considerable  p r a c t i c a l  i n t e r e s t  because 

i t s  r e l a t i o n  t o  t h e  p r o f i l e  does no t  depend on assumptions about pro- 

duct ion,  recombination, o r  d i f f u s i o n  c o e f f i c i e n t s ;  and because of i t s  

e f f e c t  on c a l c u l a t i o n s  of n e u t r a l  atmospheric temperatures  from true-  

he igh t  p r o f i l e s  near  t h e  peak of t h e  l a y e r ,  

. 
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The v a r i a t i o n  i n  l a y e r  thickness for d i f f e r e n t  va lues  of v e r t i c a l  

. 

v e l o c i t y  was examined by observing t h e  e f f e c t  of t he  d r i f t  on t h e  para- 

meter SCAT/H. Figure 2 i l l u s t r a t e s  t h i s  e f f e c t  f o r  d i f f e r e n t  va lues  

of t h e  temperature parameter d, I n  t h e  region above 200 km 

e lec t ron- ion  temperature r a t i o  may be as high as 3.00. 

t h e  

Under these  

condi t ions ,  v e r t i c a l  d r i f t s  have l i t t l e  e f f e c t  on t h e  shape of t h e  

l a y e r  as i s  evidenced by only a 4% d i f f e r e n c e  i n  the  SCAT/H va lues  

f o r  moderate upward and downward d r i f t  v e l o c i t i e s  Inc reas ing  pm/% 

and a correspond t o  inc reas ing  b o t h  geographic l a t i t u d e  f o r  s p e c i f i c  

t i m e  of t h e  year  and n e u t r a l  atmospheric temperature. 

va lues  i n  Table 1 i n d i c a t e  t h a t  both these  e f f e c t s  produce a decrease 

The SCAT/H 

i n  t h e  th ickness  o f  t he  l a y e r .  

i s  changed only s l i g h t l y  f o r  moderate d r i f t s ,  nm pm The parameter - 
9m 

Un- inc reas ing  f o r  upward d r i f t s  and decreasing f o r  downward d r i f t s .  

less t h e  d r i f t  i s  very s t rong  t h e  peak e l ec t ron  dens i ty  may be 

approximated t o  wi th in  an order  o f  magnitude by t h e  r e l a t i o n  

H2Pm 
The va lue  of - , however, i s  g r e a t l y  a f f e c t e d  by both upward D 

m 
and downward d r i f t s ,  The va lue  o f  t h i s  parameter i nc reases  by as much 

as 70% f o r  upward d r i f t s  of t he  order of  25 meters pe r  sec.  This 

corresponds t o  a decrease i n  t h e  height of t h e  peak o f  approximately 

one s c a l e  he ight  under sunspot minimum condi t ions ,  

t h e  same magnitude tend t o  s l i g h t l y  inc rease  t h e  l e v e l  o f  t h e  peak. 

Downward d r i f t s  of 

The e f f e c t  of v e r t i c a l  d r i f t  on t h e  l a y e r  and i t s  r e l a t i o n  t o  

magnetic l a t i t u d e  may be s tudied  by examining the  e f f e c t s  of v a r i a t i o n s  
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i n  pm/n, and of s i n Z I  on D i n  t h e  d r i f t .  parameter:, VF, def ined i n  ecpa- 

t i o n  4.03. Relat ions between VF and v e r t i c a l  v e l o c f t y  are  p l o t t e d  i n  

Figure 3 €or  s e v e r a l  l a t i t u d e s ,  It i s  apparent t h a t  i n  low l a t i t u d e s  

even small va lues  of v e r t i c a l  v e l o c i t y  correspond t o  r e l a t i v e l y  l a r g e  

va lues  o f  VF, while  i n  middle and high l a t i t u d e s  only ve ry  l a r g e  va lues  

of v e r t i c a l  v e l o c i t y  correspond t o  r e l a t i v e l y  l a r g e  va lues  of VF. This  

means t h a t  i n  low l a t i t u d e s  t h e  e l ec t ron  d e n s i t y  d i s t r i b u t i o n  i s  more 

s e n s i t i v e  t o  v e r t i c a l  motions of i on iza t ion  than a t  middle and high 

m 

l a t i t u d e s .  

Inc reas ing  s o l a r  zen i th  angle corresponds t o  inc reas ing  pm/s ,  and 

a. I n  both cases9 t h e  e f f e c t  on the e l e c t r o n  d e n s i t y  p r o f i l e  i s  t o  re- 

,, For increasing l a t i t u d e ,  t h e  d i f f u s i o n  nm pm duce t h e  va lue  of - 
s, 

c o e f f i c i e n t  i n c r e a s e s  causing t h e  height of t h e  l a y e r  t o  decrease and 

'm/% t o  i nc rease .  These e f f e c t s  combine t.0 reduce t h e  e l e c t r o n  den- 

s i t y  for i n c r e a s i n g  l a t i t u d e  t h e  same time t h a t  i t  i s  becoming more 

i n v a r i a n t  t o  t h e  e f f e c t s  of v e r t i c a l  d r i f t ,  

Experimental measurements o f  photon f l u x e s  as a func t ion  of 

a l t i t u d e  are given by Hinteregger and Watanabe (1962) These measure- 

ments may be  used t o  i n v e s t i g a t e  the e f f e c t  o f  nonmonochromaticg 

i o n i z i n g  r a d i a t i o n  on t h e  e l e c t r o n  d e n s i t y  p r o f i l e  i n  t h e  presence of 

height-independent d r i f t s ,  

due p r i m a r i l y  t o  u l t r a v i o l e t  r ad ia t ion  i n  t h e  range 170-900 8,  Table 

2 i n  t h e  appendix g ives  va lues  f o r  parameters of  t h e  e l e c t r o n  d e n s i t y  

d i s t r i b u t i o n  wi th  t h e  va lues  of is, and a chosen t o  f i t  photon f l u x  

measurements, The t a b l e  con ta ins  values €or  t h e s e  parameters under the 

The e l ec t ron  production i n  t h e  F-region i s  

PIIl 
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e f f e c t s  of both upward and downward d r i f t ,  

e f f e c t  on t h e  th i ckness  of  t h e  F-region peak o f  t h e  d i f f e r i n g  absorp- 

t i o n  r a t e s  i s  l e s s  than 1% for b o t h  upward and downward d r i f t s  of 

It i s  apparent  tbzt t h e  
0 

* 

moderate magnitude. 
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APPENDIX 

Tables of" C o e f f i c i e n t s  

Table 1 

General Atmospheric Models 

Model 

a 
b 

d 
C 

GIM 
VF 

SCAT/H 

K 8  
L 8  
K9 

L 9  
K l  6 
L l O  
K l  I 
L l  1 

K 1 2  
L ,  2 

K13 
L l  3 

I 1 P 2 Y 3 4 
2.0000 2 0 0000 2 e 0000 2.0000 
1 7500 1 a 7500 1 7500 1 a 7500 
10 0000 1.0000 10 0000 1.0000 
0.5000 0,5000 0,5000 0 e 5000 
0 0 0000 0 0 0000 0 0 0000 0 0 0000 
-0 o 1740 -0 0 0840 0 0 0000 0 0840 
-0.1260 -0.0630 0 0 0000 0 0630 

0 e 3477 00 5177 0 7466 1 0466 
0,5659 0 6970 0,8453 1 0123 
0,8550 0 8670 0 8860 0 9090 

0 8022 
0,5000 
0 0403 
10 0000 
-002318 
2 0 0000 
0 0 0000 
3 0 0000 
0 0451 
3 e 2500 
0 ,, 0016 
3 0 7500 
-0,0051 
4.7500 
-0 * 1011 
1 5000 
-0 0034 
2 0000 
0 e 0117 
3 e 0000 
0 J 0000 
4 e 0000 
0 0032 
2.5000 
0 0 0001 
3 0000 

0 0 9914 
0 5000 
0 e 0290 
10 0000 
-00 3451 
2 D 0000 
0 D 0000 
3 > 0000 
0 0830 
3 I 2500 
0,0017 
3.7500 
-0,0112 
4.7500 
-0.0625 
1 ., 5000 
-0.0012 
2.0000 
0 ., 0087 
3 0000 
0 0 0000 
4.0000 
0 0 0010 
2.5000 
0 0 0000 
3 0000 

1,2159 
0 5000 
0 0 0000 
10 0000 
-0 4977 
2.0000 
0 0 0000 
3 u 0000 
0 1467 
3,2500 
0 0 0000 
3.7500 
-0 0 0233 
4.7500 
0 a 0000 
1 5000 
0 i' 0000 
2 0 0000 
0 0 0000 
3 0000 
0 0 0000 
4 Y 0000 
0 3 0000 
2.5000 
0 0 0000 
3 0000 

1 4854 
0 5000 
-0.0586 
10 0000 
-0 0 6977 
2 0 0000 
0 0 0000 
3 0 0000 
0,2512 
3 I 2500 

3 7500 

4- 7500 
0.0936 
1 5000 
-0 0 0025 
2.0000 
-0 0176 
3.0000 
0 0 0000 
4.0000 
0.0015 
2.5000 
0 0 0000 
3 0 0000 

-0 .) 0069 

-0,0458 

- 5 
2" 0000 
1,7500 
1 a 0000 
0.5000 

0 e 0000 
0 1740 
0 1260 

1 e 4264 
10 2001 
0 e 9320 

1 ., 8127 
0 5000 
-0,1655 
1 0000 
-0,9509 
2" 0000 
0 Y 0000 
3 0 0000 
0 4179 
3 2500 

3 7500 

4. 7500 
0 2284 
1 5000 
-0.0139 
2 * 0000 
-0004?9 
3 d 0000 
0.0000 
400000 
0 0072 
2.5000 
-0 0004 
3 0 0000 

-0 0264 

-0,0851 



. 

6 
2 0 0000 
1 e 7500 
10 0000 
0,5000 

0 0 1000 

-0.1740 
-001260 

P 

0.2612 

0 9 4415 
0 8400 

0 6234 
0,5000 
0 0303 
1 G 0000 
-0,174.l 
2 0000 
0.0052 
3 a 0000 
0 0263 
3 2500 
0.0009 
3 7500 
-0,0029 

-0 0785 
4.7500 

1 5000 
-0.0025 
2 0000 
0 0088 
3 0000 
-0 0 0002 

0,0025 
2,5000 
0 * 0001 
3 0000 

4 + 0000 

7 
2 e 0000 
1 I) 7500 
10 0000 
0.5000 

0 0 1000 
-000840 
-0 3 0630 

- 

0 e 4031 

0.5643 
0 8500 

0 7985 
0,5000 
0 0226 
10 0000 
-0 0 2687 
2 0 0000 
0 a 0081 
3 0000 
0,05.?0 
3 2500 
0 0 0010 
3.7500 
-.O 0068 
4- 7500 

1 5000 
-0,0009 
2 0 0000 
0 0068 
3 0 0000 
-0 0 0001 
4@ 0000 
0,0008 
2 e 5000 
0 0 0000 
3 0 0000 

-0.0503 
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8 

2.0000 
1.7500 
10 0000 
0.5000 

0 e 1000 

0 0 0000 
0 0 0000 

0,5984 

0.7047 

0 e 8670 

1 e 0070 
0,5000 
0 0 0000 
1 0  0000 
-0.3989 
2.0000 
000120 
3 I) 0000 
0 0974 
30 2500 
0.0000 
3.7500 
-000150 
4.7500 
0 0 0000 
1,5000 
0,0000 
2 0  0000 
0 R 0000 
3 a 0000 
0 0 0000 
4.0000 
0,0000 
2,5000 
0 D 0000 
3 0 0000 

- 2 
2 0 0000 
1 7500 
1 0  0000 
0 5000 

0 0 1000 

0 a 0840 
0 0630 

0 e 8604 

0.8647 
0 a 8890 

1,2590 
0,5000 
-0 0482 
10 0000 
-0.5736 
2 0 0000 
0 0172 
3 ., 0000 
0 1751 
3 - 2500 
3.7500 

4.7500 
0 0793 
1.5000 
-0 e 0020 
2.0000 
-0 0145 
3 0000 
o 0003 
4 0 0000 
0 0 0012 
2.5000 
0 0 0000 
3 0000 

-0 0040 

-0.0310 

10 
2,0000 
1.7500 
10 0000 
0,5000 

0.1000 
0 1740 
0.1260 

1 e 2011 

1 0466 
0,9150 

1.5677 
0 5000 
-0 0 1393 
1 0000 
-008007 
2 0 0000 

3 0000 

3 2500 

3 ., 7500 

7500 
0 1975 
1 ., 5000 
-0 0117 
2 0 0000 

- 0 e 0404 
3 e 0000 
0 0009 
4 0 0000 
0.0062 
2,5000 
-0 ., 0004 
3 D 0000 

- 

o 0240 
0.3043 

-0 0 0187 

-0 a 0603 



- 40 - 

Model 

a 
b 

d 
C 

GIM 
VF 

nm pm/s,  

SCAT/H 

K l  
L l  

K8 
L8 

K9 
L 9  
KlO 
L l O  .~ 

Kl 1 
L l l  
K 1 2  
L 1 2  

K l  3 
L l  3 

3 0000 
1.7500 
10 0000 
0.5000 

0.0000 

-O01740 
-0.1260 

0 3477 

0.5659 

0.8550 

0 e 8022 
0.5000 
0 e 0403 
1 e 0000 
-0.2318 
2 a 0000 
0.0000 
4.0000 
0.0451 
3.2500 
0 0016 
3 e 7500 

4.7500 
-0.1011 
1.5000 
-0 0 0034 
2.0000 
0 0117 
3 e 0000 
0 0 0000 
5.0000 
0.0032 
2 5000 
0 0 0001 
3 0000 

- o 0051 

3 0000 3 0000 
1 ., 7500 1 7500 
10 0000 1 e 0000 
0 5000 0 5000 

0.0000 0.0000 

-0.0840 0 0000 
-0.0630 0 0 0000 

0,5177 0 7466 

0.6970 0.8453 

0 8670 0 8660 

0 0 9914 
0.5000 
0 a 0290 
1 0000 
-0 3451 
2 0 0000 
0 0 0000 

0 0830 
3 2500 
0 0017 
3 e 7500 
-000112 
4.7500 

-0 0625 
1.5000 
-0.0012 
2 e 0000 
0.0087 
3 0 0000 
0 0 0000 
5 0000 
0 0 0010 
2 a 5000 
0 0 0000 
3 ., 0000 

4* 0000 

1.2159 
0.5000 
0.0000 
1 * 0000 
-0 3 4977 
2.0000 
0 0 0000 
4.0000 
0 1467 
3 2500 
0 0 0000 
3 7500 
-0 0 0233 

7500 
0 0 0000 
1,5000 
0 e 0000 
2 0 0000 
0 0 0000 
3 0 0000 
0 0 0000 
5 0 0000 
0 0000 
2,5000 
0.0000 
3 0 0000 

a - 15 

3 0 0000 3.0000 
1.7500 1.7500 

10 0000 1.0000 
0.5000 0.5000 

0 e 0000 0 e 0000 

0.0840 0 e 1740 
0 e 0630 0 1260 

1 0466 1.4264 

1 ., 0123 1 2001 

0 9090 0.9320 

1 4854 
0 5000 
-0.0856 
1.0000 
-0.6977 
2 0000 
0.0000 
4.0000 
0.2512 
3 2500 
-0 0 0069 
3 0 7500 
-0.0458 

A0 7500 
0 0936 
1 5000 
-0 e 0025 
2 e 0000 
-0 0 0176 
3.0000 
0 0 0000 
5.0000 
0.0015 
2 5000 
0 0 0000 
3 0 0000 

1 8127 
0.5000 
-0.1655 
1 a 0000 
-0- 9509 
2 0 0000 
0 e 0000 
4.0000 
0 4179 
3.2500 

3 7500 

40 7500 
0.2284 
1.5000 
-0.0139 
2.0000 
-0- 0479 
3 0000 
0 0 0000 
5 e 0000 
0.0072 
2 a 5000 

3 0 0000 

-0 0 0264 

-0,0851 

-0.0004 

. 
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Model 16 20 - 
3 D 0000 
1 e 7500 
1.0000 
0 5000 

3 0000 3 ., 0000 3 0000 
1.7500 1,7500 1.7500 
10 0000 10 0000 10 0000 
0,5000 0 5000 0 5000 

3.0000 
1.7500 
1.0000 
0.5000 

a 
b 

d 
. C 

0.0250 0,0250 0 ., 0250 0,0250 0.0250 

GIM 
VF 

-0.1740 
-0,1260 

-O.OSL+.O 0 0 0000 0 0840 
-0,0630 0 0 0000 0 0630 

0 e 1740 
0 1260 

0 2804 0,4372 0,6512 009353 1 e 3002 

0.4858 0 6221 0 7746 0,9453 1 1367 

SCAT/H 0.8360 0 8470 0.8650 0 8880 0.9120 

K l  
L l  

0.6850 
0.5000 
0 e 0325 
10 0000 

-0 1869 
2 0 0000 
0 0007 
4 0 0000 
0.0310 
3.2500 
0 0 0010 
3 7500 

-0.0033 
4.7500 

1 5000 
-0 0027 

2 0 0000 
0 0094 
3 0 0000 
0 0 0000 
5 0000 
0.0027 
2.5000 
0 * 0001 
3 0000 

-0 0863 

0.8793 
0.5000 
0.0245 
10 0000 
-00 2915 

2 0 0000 
0 0 0010 
4.0000 
0 0621 
3.2500 
0 0 0012 
3 7500 

-0,0080 
4.7500 
-00 0554 
1 5000 
-0,0010 

2 0 0000 
0 0073 
3 0000 
0 0 0000 
5 0 0000 
0.0009 
2 5000 
0 3 0000 
3 " 0000 

1 1059 
0 5000 
0 0 0000 
10 0000 
-0 0 4341 
2 0 0000 
0 0016 
4 0000 
0 1164 
3 - 2500 
0 a 0000 
3 7500 

-0 0 0177 
4,7500 
0 J 0000 
1 5000 
0 0 0000 
2 e 0000 
0 0 0000 
3 0 0000 
0 0 0000 
5 0000 
0 3 0000 
2.5000 
0 0 0000 
3 0 0000 

1.3756 
0 5000 

-0.0524 
10 0000 

-0.6235 
2 0 0000 
0 0 0022 
4 e 0000 
0 2079 
3 2500 

3 e 7500 

4.7500 
0 ,, 0867 
1.5000 

-0.0022 
2 0 0000 

-0.0157 
3 0000 
0 0 0000 
5.0000 
o 0014 
2 5000 
0 0 0000 
3 0 0000 

-0.005 5 

-0.0366 

1 e 7018 
0.5000 

-0,1508 
1.0000 

-0 0 8668 
2 0000 
0.0031 
4.0000 
0.3576 
3.2500 

3.7500 

4.7500 

1.5000 
-0.0127 

2.0000 
-0 0437 

3 0000 
0 0 0000 
5 0000 
0 0068 
2,5000 

3 0000 

-0.0219 

-0.0707 

o 2144 

-0 a 0004 

K 2  
L 2  

KS 
L S  

K 9  
L 9  
Kl 0 

L 1 0  

K l  1 . L11  

K 1 2  
L l 2  

K 1  3 
L l  3 



Model 

a 
b 

d 
C 

pm/% 

GIM 
VF 

pm/Dm 

nm p m / g i  

SCAT/H 

K l  
L l  
K 2  

L 2  

K3 
L 3  
K 4  
L 4  
K 5  
L5 

K7 
L 7  
K, 
L 8  

K9 
L 9  
E l 0  
LlO 
K l l  
L l  1 
K12 
L 1 2  

K 6  
L 6  

K 1  3 
L l  3 

21 

2 0 0000 
2 0 0000 
1.0000 
0.5000 

0 e 0000 

-0.1740 
-0.1260 

- 

0 2531 

0 4707 

0 8290 

0 ., 6617 
0 5000 
0 0294 
10 0000 
-0.1687 
2.0000 
0 0 0000 
3 0000 

3 a 5000 
0 0007 

0.0223 

4.0000 
-0,0074 
5.0000 
-0.0834 
1 5000 
-0.0025 
2 0 0000 
0 ., 0085 
3 0 0000 
0.0000 
4.. 0000 
0 e 0026 
2.5000 
0 0 0001 
3 0000 

22 

2 0 0000 
2 0 0000 
10 0000 
0 5000 

0.0000 

-0 0840 
-0.0630 

- 

0 - 3844 
0,5977 

0 8360 

0 8394. 
0,5000 
0,0215 
1 J 0000 
-0,2563 
2 0 0000 
0 0 0000 
3 0000 
0 0430 
3 5000 
0,0008 
4.0000 
-0,0055 
5 0000 

1,5000 
- 0 0 0009 
2 0 0000 
0 0065 
3.0000 
0 0 0000 
4.0000 
0,0008 
2.5000 
0 0 0000 
3 5 0000 

-0.0579 

- L2 - 

31  
LJ - 

2 0 0000 
2 0 0000 
1 * 0000 
0.5000 

0 0 0000 

0 0 0000 
0 * 0000 

0,5662 

0 7466 

0.8500 

1.0550 
0 5000 
0" 0000 
10 0000 
-0.3774 
2 0 0000 
0 * 0000 
3 e 0000 
0 a 0796 
3.5000 
0 0 0000 
I!+ 0000 
-0.0119 
5 0000 
0 n 0000 
1.5000 
0.0000 
2.0000 
0 0 0000 
3 e 0000 
0.0000 
4e 0000 
0 0 0000 
2 ,, 5000 
0 0 0000 
3 0000 

Z k  

2.0000 
2.0000 
1 B 0000 
0.5000 

0 0 0000 

0.0840 
0.0630 

0,8136 

0 9210 

0.8720 

1 3207 
0 5000 
-0 e 0456 
1 e 0000 
-0 o 5424 
2.0000 
0.0000 

0 1433 
3 ., 0000 

3.5000 
-0.0035 
430000 
-0 0245 
5 ., 0000 
0.0832 
1 5000 
-0 e 0019 
2 0 0000 
-0.0137 
3 0000 
0 0 0000 
4.0000 
0 0013 
2 5000 
0.0000 
3 D 0000 

P 25 

2 0000 
2 0 0000 
1 e 0000 
0.5000 

0 e 0000 

0 e 1740 
0 1760 

1 e 1442 

1 e 1254 

0 e 9010 

lo 6537 
0.5000 
-0.1327 
10 0000 
-0 7628 
2.0000 
0.0000 

0.2523 
3 ., 5000 

3 e 0000 

-0.0145 
4* 0000 
-0.0485 
5 e 0000 
0.2084 
1.5000 
-0.0111 
2 0 0000 
-0.0384 
3 0 0000 
0 e 0000 
4.0000 
0 0066 
2.5000 
0 e 0003 
3 D 0000 



Model 

a 
b 

d 
C 

p m / s  

H2Pm/D* 

GIM 
VF 

nm Pm/a,  

SCAT/H 

Kl 
Ll 
K2 
L2 
K3 
L3 
K4 
L4 
K5 
L5 

K7 
L7 
K8 
L8 
K9 
L9 
Kl 0 
LlO 
Kl 1 

Lll 
K12 
L12 

K6 
L6 

K l  3 
L l  3 

~~ 

26 

2 * 0000 
2 0 0000 
1 e 0000 
0.5000 

0.1000 

-0.1740 
-0 1260 

s 

0.1947 

0 e 3649 

0 e 8210 

0.5121 
0 a 5000 
0.0226 
1 a 0000 
-0.1298 
2.0000 
0.0039 
3.0000 
0 0133 
3 5000 
0.0004 
4.0000 
-0.0014 
5 0000 
-0 0645 
1 e 5000 
-0.0019 
2 0 0000 
0 0065 
3.0000 
-0.0001 
4.0000 
0 0 0020 
2.5000 
0 0 0001 
3 0000 

27 

2 0 0000 
2 0 0000 
1 s 0000 
0 5000 

0 0 1000 

-0 0840 
-0- 0630 

- 

0 3062 

0 4811 

0 8260 

0 6741 
0.5000 
0 0171 
P 0 0000 
-0 2041 
2 D 0000 
0 0061 
3 10000 
0 e 0275 
3 5000 
O o  0005 
4.0000 
-0,0035 
5 e 0000 
-0004.25 
1,5000 
-0 0 0007 
2 0 0000 
0.0051 
3 0 0000 
-0 0 0001 
40 0000 
0 0007 
2 a 5000 
0 0 0000 
3.0000 

- 43 - 

28 

2 0 0000 
2.0000 
10 0000 
0 e 5000 

0 0 1000 

0.0000 
0 e 0000 

0 4636 

0 e 6191 

0 8390 

0.8721 
0 5000 
0 0 0000 
1 0  0000 
-0 3090 
2 0 0000 
0 0093 
3 0 0000 
00 0539 
3 e 5000 
0.0000 
4 e 0000 
-0,0080 
5 0000 
0 * 0000 
1 e 5000 
0 e 0000 
2 0 0000 
0.0000 
3 0000 
0 0 0000 
4 0 0000 
0 0 0000 
2 5000 
0 e 0000 
3 e 0000 

- 29 
2 0 0000 
2 D 0000 
10 0000 
0 5000 

0 * 1000 

0 0840 
0 e 0630 

0.6817 

0 7826 

0 e 8600 

1 1178 
0.5000 
-0.0382 
1.0000 
-0 0 45-44 
2.0000 
0 0136 
3.0000 
0.1016 
3.5000 
-0.0025 
4.0000 
-0 0172 
5 e 0000 
0 0704 
1 e 5000 
-0 0 0016 
2 0 0000 
-0,0115 
3 0 0000 
0 0 0002 
4 * 0000 
0 D 0011 
2 5000 
0 0 0000 
3.0000 

- 30 

2.0000 
2.0000 
1 0000 
0.5000 

0.1000 

0 1740 
0 e 1260 

0 9785 

0 9764 

0.8890 

1 4285 
0.5000 
-0.1135 
1 a 0000 
-0.6523 
2.0000 
0.0196 
3.0000 
0.1864 
3.5000 
-0 ., 0106 
4.0000 
-0.0355 
5 D 0000 
0 1800 
1 5000 
-0.0095 
2.0000 
-0.0329 
3 0000 
0 0007 
4.0000 
0.0057 
2.5000 
-0.0003 

3 0 0000 



- 4 4 -  

Model 

a 
b 

d 
C 

P d p ,  

GIM 
VF 

' Pm/D, 

"mPrn/% 

SCAT/H 

K l  
L1 
K 2  
L 2  

K 3  
L 3  
K 4  
L 4  
K 5  
L5  

K 7  
L7 

K9 
L 9  
K l  0 

L l  0 

K l  1 
L l  1 
K 1 2  
L 1 2  
K 1 3  

K 6  
L 6  

K8 
L8 

L 1  3 

31 
3 ., 0000 
2 0 0000 
10 0000 
0.5000 

0 0250 

-0,1740 
-0 0 1260 

0 2084 

0 4028 

0.8170 

0,5644 
0.5000 
o 0242 
1 0000 
-0,1389 
2 0 0000 
0.0005 
& 0000 
0,0157 
3 5000 
0 0005 
400000 
-0 0016 
5 0000 
-0 0711 
1 5000 
-0 0 0020 
2 s 0000 
0.0070 
3.0000 
0 0 0000 
5 0000 
0 D 0022 
2,5000 
0 0 0001 
3 0000 

22 

3 0 0000 
2 0 0000 
10 0000 
0,5000 

0,0250 

-0 0840 
-0.0630 

0 3302 

0.5318 

0 e 8230 

0 7437 
0,5000 
0 0185 
10 0000 
-0,2201 
2 0 0000 
0 0008 
4e 0000 
0 0327 
3 5000 
0 0006 
4 Y 0000 
-0.0040 
5 0 0000 
-0004.69 
1,5000 
-0 0008 
2 0 0000 
0,0055 
3 0 0000 
0 D 0000 
5 0000 
0 0007 
2,5000 
0 0 0000 

22 

3 * 0000 
2 * 0000 
10 0000 
0.5000 

0 0250 

0 0 0000 
0 0 0000 

0 5009 

0,6820 

0,8360 

0,9591 
0.5000 
0 e 0000 
10 0000 
-00 3339 
2 0 0000 
0" 0012 
A0 0000 
0 0640 
3 5000 
0 0 0000 
0000 

-0 0093 
5 ., 0000 
0 0 0000 

0 0 0000 
2 0 0000 
0 * 0000 
3 a 0000 
0 d 0000 
5 0 0000 
0 0 0000 
2,5000 
0 D 0000 

1 5000 

3.0000 3 0 0000 

2 
3 D 0000 
2 0 0000 
1 D 0000 
0.5000 

0,0250 

0 0840 
0 0630 

0.7356 

0.8576 

0 8570 

1 2228 
0 5000 
-0 0412 
10 0000 
-004904 
2 0 0000 
0 0018 
4* 0000 
0 1199 
3 ., 5000 
-0 o 0029 
4" 0000 
-0 0 0200 
5 0 0000 
0 0770 
1 5000 
-0 0 0017 
2 0 0000 
-0,0124 
3 0000 
0 0 0000 
5.0000 
0 0012 
2 5000 
0 0 0000 
3.0000 

35 
3 0000 
2 0 0000 
10 0000 
0,5000 

0,0250 

0 1740 
0 ., 1260 

le0524 

1 0630 

0 8860 

1.5525 
0,5000 
-0,1221 
10 0000 
-0,7016 
2 0 0000 
0 0025 

0 2179 
3 e 5000 
-0 0 0122 
f!to 0000 
-0 0410 
5 e 0000 
0.1956 
1,5000 
-000103 
2 0 0000 
-000354 
3 0000 
0 0 0001 
5 0000 
0 0062 
2.5000 

3 0000 

4 e 0000 

-0 e 0003 



. 

Node1 

a 
b 

d 
c 

Pm/\ 

GIM 
VF 

"/Dm 

nm Pm/s,  

SCAT /H 

K l  
L l  
K 2  
L 2  
K3 

L3 
K4 
L 4  
K5 
L5 

K7 
L 7  

K 9  
L 9  
K l O  

L l  0 

K l l  
L l 1  
K 1 2  
L 1 2  

K 6  
L6 

K 8  
L 8  

K l  3 
L l  3 

I 36 

2 0 0000 
1 e 7500 
1 3000 
0 e 5000 

0 0 0000 

-0o1740 
-0,1260 

0.4528 

0 e 6638 

0 7940 

0 8910 
0.5000 
0 0438 
1 3000 
-0 e 2516 
2.3000 
0.0000 
3 ., 3000 
0,0588 

0 0017 
3.5500 

4.3500 
-000058 
5 e 3500 
-0 0 0864 
1 8000 
-0 o 0026 
2 6000 
0 0 0102 
3 6000 
0 0 0000 
4.6000 
0 0 0021 
3 a 1000 
0 D 0001 
3 9000 

- 37 

2 a 0000 
1,7500 
1 3000 
0,5000 

0 0 0000 

-0o0840 
-0,0630 

0 6282 

0 7816 

0,8080 

1 0562 
0,5000 
0 e 0293 
1 3000 
-0 3490 
20 3000 
0 0 0000 
3 3000 
0,0967 

0 0016 
40 3500 
-0,0112 
5 0 3500 
-0,0512 

30 5500 

1 8000 

2 6000 
0 0 0071 
3 6000 
0 0 0000 
40 6000 
0.0006 
3 e 1000 
0 0 0000 

-0 0009 

3 ., 9000 

~~~ 

- 45 - 

- 38 

2 0 0000 
1,7500 
1 3000 
0.5000 

0 0 0000 

0 e 0000 
0 0 0000 

0.8448 

0 9085 

0 8250 

1 2414 
0 5000 
0 0 0000 

-0,4693 
2 3000 
0 0 0000 
3 ., 3000 
0.1528 
305500 
0 e 0000 
4"3500 
-0" 0202 
5 3500 
0 0 0000 
1 8000 
0 0 0000 
2 ., 6000 
0.0000 
3 6000 
0 e 0000 
4.6000 
0 e 0000 
3 * 1000 
0 0 0000 
3 e 9000 

1 3000 

~ ~~~~ 

2 

2 0 0000 
1,7500 

0 5000 

0 e 0000 

0.0840 
0 e 0630 

1 3000 

1 e 1040 

1,0452 

0 84.30 

10 4509 
0 5000 

1 ., 3000 
-0.6133 
2 3000 
0 0 0000 
3 3000 
0 0 2334 
30 5500 
-0 0048 
4.3500 
-0 0 0345 
5 0 3500 

-0,0515 

0 0703 
1 8000 

2 6000 
-0 0125 
3 ., 6000 
0 0 0000 
6000 

o m  0009 
3 0 1000 
0 " 0000 
3 9000 

-0,0015 

2 - 0000 
1 e 7500 
1 3000 
0.5000 

0 0 0000 

0 1740 
0.1260 

10 4033 

1 1934 

0 8600 

1 6906 
0.5000 
-0,1357 

-0 e 7796 
2.3000 
0 0 0000 
3.3000 
0.3457 
3.5500 
-0 0 0162 
4.3500 
-00 0557 
5 0 3500 

1 a 3000 

0 ., 1639 
1 ., 8000 

2.6000 
-0.0317 
3 6000 
0 0 0000 
4.6000 

3 1000 
-0 e 0002 

-0.0081 

o 0040 

3 e 9000 



- 46 - 

Model 

a 
b 

d 
c 

Pm/9, 
GIM 
VF 

Pm/Dm 

"mP. /B ,  

SCAT/H 

K l  
L l  
K2 

L, 
K3 
L 3  

K 4  
= 4  
K 5  
L5 

K7 
L 7  
K, 

K9 

L 9  
K 1  0 

LlO 
K l  1 
L l 1  
K 1 2  
L l 2  

L l 3  

K 6  
L6 

K 1  3 

4L 
2 0 0000 
1 7500 
1 3000 
0,5000 

0,1000 

-0 1740 
-0,1260 

0.3551 

00 5398 

0 7820 

0 I, 7221 
0,5000 

1 ., 3000 
0 0343 

-0 1972 
2 3000 
0 <, 0063 
3 3000 
0 0374 
3.5500 
0 " 0010 
4- 3500 
-0.0036 
5 0 3500 
-0 0700 
1 8000 
-0,0021 
2 6000 
0 e 0080 
3 6000 
-0 0 0002 
4 6000 
0 0017 
3 D 1000 
0 0 0000 

42 
2.00 3 
1 7500 
1 a 3000 
0.5000 

0,1000 

-0 0840 
-0 0630 

0,5048 

0 6514 

0 7930 

0 8765 
0,5000 
0 0236 
1 3000 

2" 3000 

3 3000 
0 0645 
3 5500 
0 > 0010 
4-3500 
-0 0072 
5 0 3500 
-0 2 0425 

- 0 2804 

0 0090 

1 8000 

2 6000 
0 I) 0057 
3 6000 
-0 0 0001 

L!+~ 6000 
0 0005 
3 0 1000 
0 J 0000 

-000007 

42 
2 0 0000 
1 7500 
1 3000 
0,5000 

0,1000 

0" 0000 
0 0 0000 

0,6932 

0 7727 

0 .J 8090 

1 0504 
0,5000 
0" 0000 

- 0,3851 
1 3000 

0 0124 
2 3000 

3 3000 
0 1061 
3 5500 
0 0 0000 
4 . 0  3500 

- 0 0136 
5 c, 3500 
0 e 0000 
I o  8000 
0 0 0000 
2 6000 
0 0 0000 
3 6000 
0 0 0000 
4 6000 
0 0 0000 
3 0 1000 
0 3 0000 

3.9000 3 9000 3 9000 

44 
2 0 0000 
1 a 7500 
1 3000 
0,5000 

0 0 1000 

0 0840 
0 0630 

0 e 9234 

0 9046 

0 8270 

1 2484 
0 5000 
-0o0431 
I Y 3000 
-0 5130 
2 0 3000 
0,0165 

0 ,, 1680 
3 3000 

3.5500 
--0 0 0034 
40 3500 
-0,0241 
5 0 3500 
0 0605 
1 8000 

2 6000 

3 6000 
0 0003 
1;,6000 
0 0007 
3 0 1000 
0 0 0000 
3 9000 

-0 0 0013 

-0.0104 

45 
2.000 1 
1 7500 
1 3000 
0,5000 

0,1000 

0 1740 
0 1260 

101953 

1 ., 0487 

0 8470 

1 4766 
0,5000 

1 3000 
-0,6640 
2 3000 

3 3000 
0,2572 

-0,1155 

o 0213 

3 3 5500 
-0,0118 
h0 3500 
-Oo04O4 
5 0 3500 
0 1431 
1 8000 

2 6000 

3 6000 
0 0007 
4.6000 
0,0035 
3 0 1000 
-0 0 0002 
3 9000 

-0 0069 

-000279 



~ ~~~ 

4h 
3 m 0000 
2 a 0000 
1 ., 3000 
0.5000 

0.0000 

-0 1740 
-0.1260 

0 0 3343 

0.5691 

0,7710 

0,7581 
0 5000 
0 0323 
1 ., 3000 
-0.1857 
2.3000 
0 0 0000 

0 0307 
3 8000 
0 e 0008 
4.6000 

5.6000 

1 ,, 8000 

2 6000 
0 0075 
3 6000 
0 e 0000 
5 6000 
0 0018 
3 0 1000 
0 0 0000 
3 ., 9000 

4e 3000 

-0.0028 

-0.0735 

-0,0019 

42 
3 0 0000 
2 0 0000 
1 3000 
0.5000 

0 0 0000 

-0,0840 
-0,0630 

0 4730 

0 6871 

0 7800 

0 e 9182 
0.5000 
0,0221 
1 e 3000 
-0,2627 
2 3000 
0.0000 
40 3000 
0.0526 
3 8000 
0 0008 
40 6000 

5 6000 

1 8000 

2.6000 
0,0053 
3 6000 
0 0 0000 
5 6000 
0.0005 
3 L) io00 
0 e 0000 
3 9000 

-0,0057 

-0.0445 

-0,0007 

- 47 - 

@ 
3 0 0000 
2 0 0000 
1 e 3000 
0.5000 

0 0 0000 

0 0 0000 
0 0 0000 

0 6495 

0 8179 

0 7930 

1 1013 
0.5000 
0 0 0000 
1 3000 
-0,3608 
2 3000 
0 0 0000 
4.3000 
0 0867 
3 8000 
0 0 0000 
4 6000 
-0,0107 
5 6000 
0 0 0000 
1 8000 
0 0 0000 
2.6000 
0 5 0000 
3 e 6000 
0 3 0000 
5 6000 
0 0 0000 
3 0 1000 
0 0 0000 
3 9000 

422 

3 0000 
2 3 0000 

0.5000 

0 @ 0000 

0 0840 
0 0630 

1 3000 

0,8695 

0 9632 

0 8110 

1 3131 
0 5000 

1 3000 
-0 4827 
2 3000 
0 0 0000 
4.3000 
0 1383 
3 8000 

4 6000 

5 6000 
0 0636 
1 8000 
-0 0 0012 
2 6000 
-0 e 0098 
3 6000 
0 0 0000 
5 6000 
0.0008 
3 1000 
0 * 0000 

-0 a 04.06 

-0 0 0026 

-0 0191 

3 * 9000 

- 50 

3.0000 
2 0 0000 
1 e 3000 
0.5000 

0 D 0000 

0 a 1740 
0 1260 

1,1352 

1.1253 

0 8330 

1,5613 
0,5000 

1 ., 3000 
-0.6306 
2.3000 
0 e 0000 
4.3000 
0 a 2148 
3 e 8000 

4.6000 

5 6000 
0.1513 
1 8000 

2 6000 
-0.0256 
3 6000 
0.0000 
5 6000 
0.0037 
3 1000 
-0 0 0002 
3 9000 

-0,1097 

- 0 o 0092 

-0.0326 

-0 e 0066 



P 5 1  

2 0 0000 
1,7500 
I " 0000 
0,3850 

0 a 0000 

-0. ryL+o 
-0.1260 

0,2135 

0,5152 

0- 9650 

0 6764 
0,3850 
0,0230 
P 0 0000 

-0,1322 
2 e 0000 
0 'I 0000 
3 0000 
0 0246 
3 a 1350 
0 0005 
3,7500 

4.. 7500 
-0,0852 
1 3850 

-0,0018 
2 0 0000 
0 0064 
3 0000 
0 0 0000 
I!+ 0 0000 
0,0027 
2,3850 
0 0 0001 

-0 0017 

- 52 

2" 0000 
1,7500 
1,0000 
0,3850 

0 0 0000 

-0,08L+O 
-0,0630 

0 0 3456 

0 6487 

0 9680 

0 * 84% 
O o  3850 
0 0180 
1 e 0000 
-O02i4O 

2 0 0000 
0 0 0000 
s > 0000 
0 0498 
3 0 ~ 3 5 0  
0,0007 
3 7500 

L;.Y500 

1 3850 
-0,0007 

2 Y 0000 
0,0052 
3 I, 0000 
0 > 0000 
I!+ i) 0000 
0 0008 
2a 3850 
0 0 0000 

- 0 0045 

-0 a 0533 

- 48 - 

- 53 

2 0 0000 
io 7500 
1 * 0000 
0,3850 

0,0000 

0 0 0000 
0,0000 

0,5262 

0,7967 

0,9810 

1 0382 
0,3850 
0 * 0000 
i e 0000 

-0,3258 
2 Y 0000 
0 0000 
3 0000 
0 0930 

0 3 0000 
3,7500 

-OeOi05 
4,7500 
0 " 0000 
1 3850 
0 3 0000 
2 0 0000 
0 Y 0000 
3 * 0000 
0 0 0000 
4 0 0000 
0 0 0000 
2* 3850 
0 0 0000 

3.1350 

3 a 0000 3 0 0000 3 " 0000 

2 
2 0 0000 
1 7500 
1 0  0000 
0,3850 

0 0000 

0 e 084.0 
0 0630 

007647 

0 9611 

13 0020 

1 2622 
0,3850 

-0,0598 
1 u 0000 
-00 4735 

2 0 0000 
0 0 0000 
3 B 0000 
0 i6&4 
3 3 1350 

-0 0033 
337500 

-0,0221 
4. 7500 
0.0795 
1 3850 

- 0,0016 
2" 0000 
-0 0114 
3 0 0000 
0 0 0000 
h0 0000 
0 0013 
2.3850 
0 B 0000 
3 0 0000 

- 55 

2 0 0000 
1 7500 
1 " 0000 
0,3850 

0 0 0000 

0 0 174.0 
0,4260 

1 0684 

~olL&l!+ 

i 0250 

1,5271 
0,3850 

-0,1151 
9 0 0000 

-0,6615 
2 0 0000 
0 0 0000 
3,0000 
0,2779 
3 I350 

307500 

4." 7500 
0,1924 
1 3850 

-0,0090 
2 0 0000 

-0,0319 
3 0 0000 
0 0 0000 
4 0000 
0 0061 
20 3850 

3.0000 

-0,0133 

-0,0432 

-0 a 0003 



Model 

a 
b 

d 
C 

w9, 
GIM 
VF 

'rn/Dm 

"rnPrn/% 

SCAT/H 

K l  
L l  
K 2  
L 2  
K 3  
L3  
K 4  
L 4  
K 5  
L5 

K 7  
L 7  
K,  
L, 
K 9  
L9  
K l  0 

LIO 
K l l  
L l l  
K 1 2  
L12 
K 1 3  

K 6  
L 6  

L l  3 

I 56 

2 e 0000 
1 7500 
1 Y 0000 
0,3850 

0 0 1000 

-0.1740 
-0 0 1260 

0,1516 

0.3829 

0 0 9490 

0.5011, 
0,3850 
0 0163 
10 0000 

-0 0 0938 
2 0 0000 
0 a 0029 
3 0 0000 
0 0129 
3 1350 

3 7500 

1,0 7500 

1 3850 

2 0 0000 
0 0045 
3 D 0000 

-0 0 0001 
4 0 0000 
0 e 0020 
2 3850 
0 0 0000 
3 0 0000 

o 0003 

-0~0009 

-0.0632 

-0 0013 

- 49 - 

- 

- 57 

2 0 0000 
1 7500 
l o  0000 
0,3850 

0" 1000 

-0.0840 
-0,0630 

0,2589 

0.5090 

0 3 9490 

0 6607 
0,3850 
0.0135 
10 0000 

-0 e 1603 
2 0 0000 
0,0050 
3 0 0000 
0 0291 
301350 
0 u 0004 
3 7500 

- 0,0025 
A0 7500 

1 3850 
-0o0005 

2 0 0000 
0 0039 
3 * 0000 
-0,0001 

d o  0000 
0 0007 
2,3850 
0 u 0000 
3 0 0000 

-0004i6 

I 58 

2 0 0000 
1 7500 
10 0000 
0,3850 

0 u 1000 

0 0 0000 
0 Y 0000 

0 0 4099 

0 e 6497 

0 9600 

0 8423 
0,3850 
0 3 0000 
10 0000 

-0,2538 
2 0 0000 
0 0078 
3 0 0000 
0,0588 
3.1350 
0 0 0000 
3 7500 

-0.0064 
ha  7500 
0 0 0000 
1 3850 
0 D 0000 
2 * 0000 
0 0 0000 
3 D 0000 
0,0000 
L$.oooo 
0 0 0000 
2 3850 
0 0 0000 
3 e 0000 

- 59 

2 0 0000 
1 I)  7500 
1 e 0000 
0 3850 

0 0 1000 

0 0480 
0 0630 

0 6147 

0 8076 

0 9790 

1 0538 
0.3850 

-0 0320 
1 * 0000 

-0 3806 
2 0 0000 
0 0118 
3 R 0000 
0 e 1103 
3 0 1350 

-0,0021 
3 7500 

-O0O1L+3 
L m  7500 
0 0664 
1 3850 
-0" 0012 

2 0 0000 
-0 0 0092 
3 0 0000 
0 e 0002 
L $ ~ O O O O  
0 * 0010 
2 3850 
0 D 0000 
3 0 0000 

60 

2 0 0000 
1.7500 
1 0  0000 
0,3850 

0 0 1000 

0 1740 
0.1260 

- 

0 8828 

0.9852 

1.0040 

1.3052 
0.3850 

-0.0951 
10 0000 

-0.5466 
2.0000 
0.0169 
3 0 0000 
0 1962 
3 0 1350 

-0~0091 
3 7500 

4e 7500 
0 1645 
103850 

-0.0074 
2.0000 

-0 0 0263 
3 0 0000 
0 0006 
L$ 0 0000 
0,0052 
2.3850 

-0 0 0002 
3.0000 

-0.0295 



- 50 - 

Model 

a 
b 

d 
C 

P"/$ 

H 2 4 n / q  

G I M  
VF 

"mPm/pn 

SCAT/H 

K, 
Ll 
K 2  
L2 

K 3  
L3 
K4 
L 4  
K5 
L5 

K7 
L7 

L8 
K 9  
L9 
K l O  
LlO 
K, 1 
L l 1  
K, 2 
L12 

K 6  
L 6  

K8 

K l  3 
L 1  3 

61 

3 5 0000 
2.0000 
1 e 0000 
0.3850 

0 * 0000 

-0.1740 
-0 1260 

- 

0,1509 

0-4154 

0,9410 

0.5427 
0.3850 
0.0163 
10 0000 
-0 e 0934 

2.0000 
0 s 0000 
Le 0000 
os  0114 
3 0 3850 
0 I 0002 
4.0000 

-0 0008 
5.0000 

1.3850 

2 D 0000 
0 0045 
3 0000 
0.0000 
5 a 0000 
0.0022 
2 3850 
0 0 0000 
3 0000 

-0 e 0684 

-0 0013 

- 62 

3 * 0000 
2 n 0000 
10 0000 
0.3850 

0 0 0000 

-0.0840 
-0 3 0630 

0 2503 

0 e 5427 

0 9370 

0 e 7014 
0 3850 

1,0000 
-0.1550 

2 0 0000 
0 0000 
4 0 0000 
0 0245 
3 I 3850 
o 0003 
4 0 0000 

-0 0 0021 
5 0000 

-0.0442 
1.3850 

-0 0 0005 
2 0 0000 
0 0037 
3 * 0000 
0 0 0000 
5,0000 
0 0007 
2.3850 
0 * 0000 
3 0 0000 

0 0130 

52 
3 e 0000 
2 0 0000 
1 e 0000 
0.3850 

0 e 0000 

0 e 0000 
0 0 0000 

0 0 3903 

0 ., 6894 

0 3 9440 

0,8872 
0,3850 
0 D 0000 
1 n 0000 

-0.2416 
2 d 0000 
0 0 0000 
40 0000 
0 e 0484 
3 3850 
0 Y 0000 
4 * 0000 

-0o0051 
5 0 0000 
0 10000 
1 3850 
0 0 0000 
2.0000 
0 0 0000 
3 0000 
0 0 0000 
5 0 0000 
0 0 0000 
2,3850 
0 0 0000 
3.0000 

3 0 0000 
2 c 0000 
10 0000 
0.3850 

0 0 0000 

0 0840 
0.0630 

0,5822 

0,8587 

0 9610 

1 1087 
0 3850 

-0 0303 
10 0000 

-0 0 3605 
2 0 0000 
0 0 0000 
4 e 0000 
0.0902 
3 e 3850 

4.0000 
-0 0114 

-0 0016 

5 e 0000 
0 0698 
1.3850 

-0 0 0012 
2 " 0000 

-0 0 0087 
3.0000 
0 0 0000 
5 0000 
0 0 0011 
2,3850 
0.0000 
3 0 0000 

- 65 

3.0000 
2 0 0000 
10 0000 
0.3850 

0 0 0000 

0,1740 
0 1260 

0 8390 

1.0550 

0 9880 

1 ., 3784 
0,3850 
-0.090L+. 
10 0000 
-0 5195 

2 0 0000 
0 a 0000 
4.0000 
0.1616 
3 3850 

-0 0 0070 
4.0000 

-0.0236 
5.0000 
0.1737 
1 3850 

-0,0071 
2 0 0000 

-0.0250 
3.0000 
0.0000 
5.0000 
0.0055 
2.3850 

-0.0002 
3 e 0000 



- 5 1  - 

- 66 

3 0 0000 
2 e 0000 
10 0000 
0.3850 

0.0250 

-0 e 1740 
-0 1260 

0 1148 

0.3321 

0 9270 

0 ., 4328 
0,3850 

1 * 0000 
-0 0711 
2 D 0000 
0.0003 
4.0000 
0.0069 
3 3850 
0 3 0001 
4 0 0000 
-0 0 0004 
5,0000 
-0.0545 
1 3850 
-0.0010 
2 0 0000 
0.0034 
3 0000 
0 0 0000 
5.0000 
0 e 0017 
2.3850 
0 0 0000 
3 0 0000 

0.0124 

- 67 

3 e 0000 
2,0000 
1 I) 0000 
0.3850 

0 0250 

-0 0840 
-0 e 0630 

0.2057 

0.4653 

0.9220 

00 5993 
0 3850 
0,0107 
1.0000 
-0.1273 
2 e 0000 
0 0005 
4 D 0000 
0 0172 
3.3850 
0 J 0002 
4,0000 

-0 ,OOlL; .  
5 J 0000 
-0.0378 
1.3850 
-0 0004 
2 0 0000 
o 0031 
3 * 0000 
0,0000 
5 e 0000 
0 0006 
2 3850 
0 J 0000 
~,OOOO 

68 - 
3,0000 
2.0000 
10 0000 
0.3850 

0,0250 

0 0 0000 
0 D 0000 

0,3356 

0,6156 

0 9280 

0 7890 
0.3850 
0 0000 
10 0000 
-002078 
2,0000 
0.0008 

0.0370 
3 a 3850 
0 3 0000 
4 s 0000 
-0,0038 
5 0000 
0,0000 
1 3850 
0,0000 
2" 0000 
0.0000 
3 0 0000 
0 3 0000 
5.0000 
0 > 0000 
2 3850 
0 0 0000 
3 7 0000 

410000 

I 69 

3 0000 
2.0000 
1 * 0000 
0 3850 

0.0250 

0.0840 
0 e 0630 

0 5162 

0 7876 

0 9440 

10 0120 
0 3850 
-0 0268 
10 0000 
-0.2196 
2,0000 
0 s 0012 
4 3 0000 
0 0730 
3.3850 
-0 e 0013 
4 1 0000 
-0,0089 
5.0000 
0 0638 
1 3850 
-0,0010 
2 0 0000 
-0 0077 

0 D 0000 
5 0000 
0 0 0010 
2 e 3850 
0 J 0000 
3 * 0000 

3 0000 

70 - 
3.0000 
2.0000 
1.0000 
0.3850 

0.0250 

0.1740 
0.1260 

0 ., 7607 

0.9861 

0.9700 

1.2814 
0 3850 
-0.0820 
1 D 0000 
-0,4710 
2.0000 
0.0018 
4.. 0000 
0.1362 
3 3850 
-0.0057 

4 . 0  0000 
-0.0194 
5 0000 
0.1615 
1.3850 
-0.0064 
2.0000 
-0,0227 
3.0000 
0 0 0000 
5.0000 
0 e 0051 
2.3850 
-0.0002 
3 0000 



Model 

a 
b 

d 
C 

Pm/% 

GIM 
VF 

Pm/Dm 

"m'm/% 

SCAT/H 

Kl 
Ll 
K2 
LZ 
K3 
L3 
K4 
L4 
K5 
L5 

K 7  
L7 

K9 
L9 
Kl 0 
LlO 
Kl 1 
Lll 
K 1 2  
L12 

K6 
L6 

K8 
L8 

K 1  3 
L 1  3 

- 71 

2.0000 
2.0000 
1 3000 
0.3850 

0 e 0000 

-0.1740 
-0.1260 

0 1993 

0.5062 

0.8710 

0.6321 
0.3850 
0 a 0181 
1.3000 
-0.1040 
2.3000 
0 0 0000 
3.3000 
0.0160 
3 e 6850 

4.6000 

5 6000 
-0 0613 
1 e 6850 
-0 0 0010 
2.6000 

3.6000 
0.0000 
4.6000 

2.9850 
0.0000 
3.9000 

0.0003 

-0 .. 0009 

0.0041 

0.0015 

- 72 

2 e 0000 
2 e 0000 
1 3000 
0 3850 

0.0000 

-0 0840 
-0.0630 

0 3088 

0 6279 

0.8730 

0 e 7809 
0 ., 3850 
0,0135 
1 3000 
-0.1613 
2.3000 
0.0000 
3 a 3000 
0.0306 
3 6850 
0.0003 
4.6000 
-0.0022 
5.6000 
-0.0378 
1.6850 

2 6000 

3 a 6000 
0.0000 
4.6000 
0.0005 
2.9850 
0 0000 

-0 ., 0004 

0.0032 

3 9000 

- 52 - 

22 
2.0000 
2.0000 
1.3000 
0,3850 

0 0000 

0.0000 
0.0000 

0.4509 

0.7604 

0.8820 

0.9457 
0.3850 
0.0000 
1.3000 
-0- 2355 
2.3000 
0 0 0000 
3.3000 
0.0542 
3 e 6850 
0 0 0000 
4.6000 
-0.0047 
5.6000 
0 * 0000 
1 e 6850 
0 0 0000 
2.6000 
0 0 0000 
3.6000 
0 0000 
4.* 6000 
0.0000 
2.9850 
0.0000 
3.9000 

I4 
2.0000 
2.0000 

0.3850 

0.0000 

0 ., 0840 
0.0630 

1.3000 

0.6299 

0- 9054 

0 8980 

1 1316 
0.3850 

1 e 3000 
-0.3289 
2.3000 
0.0000 
3 3000 
0.0906 
3.6850 

4.6000 

5.6000 
0 ., 0548 
1 6850 

2.6000 
-0.0064 
3 6000 
0.0000 
4.6000 
0.0007 
2.9850 
0.. 0000 
3.9000 

-0.0276 

-0 0013 

-0.0092 

-0 0008 

- 75 

2.0000 
2 0 0000 
1.3000 
0.3850 

0.0000 

0.1740 
0.1260 

0 e 8488 

1.0660 

0.9190 

1- 3449 
0.3850 

1 3000 
-0.0771 

-00 4432 

0.0000 
3.3000 
0.1450 
3 6850 

4.6000 

5 e 6000 
0.1304 
1.6850 
-0.004.4. 
2.6000 
-0.0174. 
3 .) 6000 
0.0000 
4.6000 
0.0032 
2.9850 
-0 e 0001 
3.9000 

2.3000 

-0.0047 

-0 0168 



Model 

a 
b 

d 
C 

P"/% 

G I M  
VF 

Prn/D, 

nm Pm/s,  

SCAT/H 

Kl 
Ll 
K2 
L2 
K3 
L3 
K4 
L4 
K5 
L5 

K7 
L7 

K9 
L9 
K l O  
LlO 
Kll 
Ll1 
K12 
L12 

K6 
L6 

K8 
L8 

K l  3 
L l  3 

~~ 

- 76 

2 0 0000 
2.0000 

0.3850 

0 D 1000 

-0,1740 

1 e 3000 

-0.1260 

0 1540 

0.3053 

0 e 8640 

0 4931 
0.3850 
o 0140 
1.3000 
-0.0804 
2.3000 
0.0026 

0.0096 
3 6850 
0 # 0002 
4.6000 
-,O e 0006 
5.6000 

1 e 6850 

2.6000 
0.0032 
3 6000 
-0 0 0001 
4.6000 
0 e 0012 
2.9850 
0 * 0000 
3.9000 

3.3000 

-0.0478 

-0.0008 

- 77 

2 0 0000 
2 J 0000 
1 .) 3000 
0.3850 

0 3 1000 

-0 0840 
-0 0630 

0 2469 

0.5083 

0.8650 

0.6311 
0.3850 
0 0108 
1 3000 

2 3000 

3 3000 
0 0198 
3 6850 
0 d 0002 
4.6000 

5.6000 
-0.0306 
1.6850 

2.6000 
0 0025 
3 e 6000 
-0 0 0001 
4.6000 
0,0004 

-0.1289 

o e 0042 

-0.0014 

- 0 0003 

2.9850 
0 .) 0000 
3 e 9000 

- 53 - 

- 78 

2 0 0000 
2,0000 
1 3000 
0 3850 

0 D 1000 

0 * 0000 
0 5 0000 

0.3698 

0 6324 

0 e 8720 

0.7850 
0,5850 
0 0 0000 
1 e 3000 
-0 1931 
2.3000 
0 0063 
3 3000 
0,0369 
3,6850 
0 0 0000 
4.6000 

5 6000 
0 0 0000 
1 e 6850 
0 0000 
2 e 6000 
0 .) 0000 
3.6000 
0.0000 
4.6000 
0 0 0000 
2.9850 
0 0 0000 
3 9000 

-0.0032 

T.2 
2 0 0000 
2.0000 
1,3000 
0 3850 

0 * 1000 

0 0840 
0.0630 

0.5274 

0 7695 

0.8870 

0 9595 
0.3850 
-0 e 0231 
1 3000 
-0,2754 
2.3000 

3.3000 
0 e 0643 
3.6850 

4,6000 

5 a 6000 
0.0465 
1.6850 

2 6000 
-0.0054 
3 6000 
0.0001 
4.6000 
0 0006 
2.9850 
0.0000 
3.9000 

o 0090 

-0 0009 

-0.0065 

-0 0007 

80 

2.0000 
2.0000 
1.3000 
0.3850 

0.1000 

0.1740 
0.1260 

- 

0.7237 

0 e 9223 

0.9090 

1.1608 
0.3850 

1.3000 

2.3000 

-0.0658 

-0.3779 

0.0124 
3.3000 
0.1067 
3.6850 
-0 0034 
4.6000 
-0.0122 
5.6000 
0.1125 
1.6850 

2.6000 

3.6000 

4.6000 
0.0027 
2.9850 
-0.0001 
3.9000 

-0.0037 

-0.0148 

0.0004 



Model 

a 
b 

d 
C 

P d 9 ,  

GIM 
VF 

prn/Drn 

""Prn/s, 

SCAT/H 

Kl 
Ll 
K2 
L2 
K3 
L3 
K4 
L4 
K5 
L5 

K7 
L7 

K9 
L9 
K l O  
LlO 
Kll 
Lll 
K12 
L12 

K6 
L6 

K8 
L8 

K 1  3 
L 1  3 

81 

2.0000 
1.7500 
1.0000 
0.2500 

0.0000 

-0 1740 
-0.1260 

- 

0.0753 

0.4090 

1.2090 

0 4951 
0.2500 
0.0075 
1.0000 
-0.0430 
2.0000 
0.0000 
3.0000 
0.0068 
3.0000 
0.0001 
3.7500 
-0.0002 
4. 7500 
-0 0624 
1.2500 
-0 0005 
2.0000 
0.0020 
3.0000 
0.0000 
4.0000 
0.0020 
2.2500 
0.0000 
3.0000 

82 

2.0000 
1.7500 
1.0000 

- 

0.2500 

0.0000 

-0.0840 
-0.0630 

0.1630 

0.5598 

1.1780 

0.6648 

0.0078 
1.0000 
-0.0931 
2.0000 
0.0000 
3.0000 
0.0197 
3.0000 
0.0001 
3.7500 

4.7500 

1.2500 
-0 0003 
2.0000 
0.0021 
3.0000 
0 e 0000 
4.0000 
0.0007 
2.2500 
0.0000 
3.0000 

0.2500 

-0.0009 

-0.0419 

- 54 - 

82 
2.0000 
1.7500 
1.0000 
0.2500 

0.0000 

0.0000 
0.0000 

0.2913 

0.7165 

1.1700 

0.8407 
0.2500 
0.0000 
10 0000 
-0.1664 
2.0000 
0.0000 
3.0000 
0 0 0445 
3.0000 
0 D 0000 
3.7500 
-0 0029 
4.7500 
0.0000 
1.2500 
0.0000 
2.0000 
0.0000 
3.0000 
0.0000 
4. 0000 
0.0000 
2.2500 
0.0000 
3 e 0000 

2.0000 
1.7500 
1.0000 
0.2500 

0.0000 

0.0840 
0.0630 

0.4671 

0.8842 

1.1790 

1.0327 
0.2500 
-0 0 0224 
1.0000 
-0.2669 
2.0000 
0.0000 
3.0000 
0.0877 
3.0000 
-0.0011 
3.7500 
-0 0074 
4. 7500 
0.0651 
1.2500 
-0.0008 
2.0000 
-0 0061 
3.0000 
0.0000 
4.0000 
0.0010 
2.2500 
0.0000 
3.0000 

- 85 

2.0000 
1.7500 
1.0000 
0.2500 

0.0000 

0.1740 
0.1260 

0.6961 

1.0667 

1.2000 

1 2494 
0.2500 
-0.0692 
1.0000 
-0.3978 
2,0000 
0.0000 
3.0000 
0.1581 
3.0000 

3.7500 

4. 7500 
0.1574 
1.2500 
-0.0050 
2.0000 
-0.0182 
3.0000 
0.0000 
4.0000 
0.0050 
2.2500 
-0.0001 
3.0000 

-0.0050 

-0.0164 



- 55 - 

I 87 - 88 - 89 - 90 86 - Model 

a 3.0000 3 * 0000 3 * 0000 3 e 0000 3.0000 
b 2.0000 2 a 0000 2,0000 2.0000 2.0000 

1 Y 0000 l o  0000 1 a 0000 1.0000 c 1.0000 
d 0.2500 0.2500 0.2500 0.2500 0.2500 

w9, 0.0250 0,0250 0 0250 0.0250 0.0250 

GIM -0.1740 -0,08~+0 0 * 0000 0.0840 0.1740 
VF -0 e 1260 -0.0630 0 # 0000 0 0630 0.1260 

Prn/Drn 0 0005 0.0808 0 e 1672 0.2929 0 4677 

"rnPm/% 0.3169 0.3386 0.5034 0.6801 0.8768 

SCAT/H 2.1300 1.1270 1.1090 1.1100 1.1270 

L l  

K2 
L 2  
K 3  

L9 
!lo 
L l O  
K l l  
L l l  

K 1 2  
L 1 2  

K 1 3  

L 1  3 

0.3594 
0.2500 
0.0000 
1 * 0000 
0,0000 
2.0000 
0.0000 
4.0000 
0.0000 
3.2500 
0.0000 
4.0000 
0.0000 
5.0000 
-0 a 0453 
1.2500 
0.0000 
2.0000 
0.0000 
3.0000 
0 0 0000 
5.0000 

2.5000 
0.0000 
3.0000 

0.0014 

0.3996 
0 2500 
0,0039 
1.0000 
--O.O462 
2.0000 
0.0002 
4. 0000 
0 0048 
3,2500 
0.0000 
4.0000 
-0 /. 0002 
5,0000 
-0,0252 
1.2500 
-~o.oool 
2 0 0000 
0 * 0011 
3.0000 
0 0000 
5.0000 
o I 0004 
2.5000 
0.0000 
3 0000 

0 5848 
0 e 2500 
0 0 0000 
1 e 0000 

-0 0955 
2.0000 
0.0004 
4.0000 
0 0145 
3.2500 
0 0 0000 
4.0000 

- 0,0008 
5.0000 
0.0000 
1 2500 
0.0000 
2 00000 
0.0000 
3.0000 
0.0000 
5.0000 
0,0000 
2 e 5000 
0 0 0000 
3.0000 

0,7830 
0.2500 

1.0000 
-0 1674 
2.0000 
0,0007 
~ ~ 0 0 0 0  
0 0340 
3 .. 2500 

-.o 0004 
4.0000 

-0.0141 

-0.0026 
5.0000 

1.2500 
-0.0005 
2.0000 
-0.0038 
3.0000 
0.0000 
5.0000 
0.0008 
2.5000 
0.0000 

0 0493 

3.0000 

1.0080 
0.2500 
-0.0465 
1.0000 
-0.2672 
2.0000 
0 n 0010 
4.0000 
0 0698 
3.2500 
-0 0019 
4.0000 
-0.0066 
5.0000 
0.1270 
1.2500 
-0.0033 
2.0000 
-0.0122 
3.0000 
0.0000 
5.0000 
0.0040 
2.5000 
-0.0001 
3.0000 



Model 

a 
b 

d 
C 

W S ,  
GIM 
VF 

P”/Dm 

“ P  

SCAT/H 

K l  
L l  
K 2  

L 2  
K3 
L 3  

K 4  
L 4  
K5 

L5 

K7 
L 7  
K8 

K9 
L 9  
K l O  

L I O  
K l  1 
L l  1 

K 1 2  
L 1 2  

m m/qm 

K 6  
L 6  

L 8  

K 1  3 
L l  3 

- 56 - 

Table 2 

Models Chosen to Fit Photon Flux Measurements 

3.7300 
2.0000 
1.3000 
0.5000 

0.0040 

-0.1740 
-0.1260 

0.3195 

0.5510 

0.7670 

0.7332 
0.5000 
0.0309 
1.3000 
-0 0 1775 
2 3000 
0.0001 
5.0300 
0.0284 
3.8000 
0.0007 
4. 6000 

5.6000 

1.8000 

2.6000 
0.0072 
3.6000 
0 a 0000 
6.3300 
0.0017 
3.1000 
0.0000 
3.9000 

-0 0026 

-0.0711 

-0.0019 

3.7300 
2.0000 

0,5000 
1,3000 

0.0040 

-0,0840 
-0.0630 

0.4564 

0,6703 

0 I 7760 

0 8949 
0.5000 
0.0213 
1.3000 

2 3000 
0.0001 

-0.2536 

5.0300 

3.8000 
0 0007 
4.6000 

5.6000 

1 e 8000 
-0 a 0006 
2.6000 
0.0052 
3.6000 
0 * 0000 
6.3300 
0.0005 
3,1000 
0.0000 
3 9000 

0 0495 

-0.0053 

-0.0434 

238 8 
3.7300 
2.0000 

0.5000 
1.3000 

0.0040 

0 0 0000 
0 0 0000 

0.6310 

0.8023 

0 7890 

1.0790 
0.5000 
0.0000 

-0.3506 

0.0001 
5 0300 
0,0825 
3.8000 
0 D 0000 
4.6000 
-0.0101 
5.6000 
0.0000 
1.8000 
0 Y 0000 
2 6000 
0 e 0000 
3.6000 
0.0000 
6.3300 
0 0 0000 

0.0000 
3.9000 

1 3000 

2 3000 

3.1000 

3.7300 
2.0000 
1.3000 
0.5000 

0 0040 

0.0840 
0.0630 

0.8486 

0.9486 

0.8070 

1.2915 
0.5000 

1 a 3000 
-0.0396 

-0.4714 

0 5 0002 

0.1328 
3 8000 

4.6000 

5.6000 
0.0626 
1.8000 
-0 e 0012 
2.6000 
-0 0096 
3.6000 
0.0000 
6,3300 
0.0008 
3 e 1000 
0.0000 
3 a 9000 

2.3000 

5.0300 

-0.0025 

-0 0182 

3.7300 
2.0000 

0.5000 
1.3000 

0.0040 

0.1740 
0.1630 

1.1131 

1.1116 

0.8290 

1.5402 
0.5000 

1.3000 

2 e 3000 
0.0003 
5.0300 
0 2078 
3 e 8000 

4.6000 

5.6000 

1.8000 

2 6000 
-0.0251 
3.6000 
0 0000 
6.3300 
0.0036 
3.1000 
-0.0001 
3.9000 

-0.1076 

-0.6184 

-0,0089 

-0.0314 

0 1493 

-0 0065 
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Model 

a 
b 

d 
C 

w9, 

H"P"/D, 

"mpm/s, 

G I M  
VF 

SCAT/H 

K l  

L l  
K 2  
L 2  

K 3  
L 3  
K 4  
L 4  
K 5  
L5  

K 7  
L 7  

K 9  
L 9  
K l O  
L, 0 

K l l  

L l l  
K 1 2  

L 1 2  

K 6  
L6 

K8 
L8 

K 1  3 
L l  3 

~~~~~ 

2.6600 
2.0000 

0.5000 
1.3000 

0.0350 

-0.1740 
-0.1260 

0.2891 

0.5065 

0.7630 

0.6732 
0.5000 
0.0279 
1.3000 
-0.1606 
2.3000 
0.0011 
3.9600 
0.0236 
3.8000 
0.0006 
4.6000 
-0.0021 
5.6000 
-0.0653 
1.8000 

2.6000 
0.0065 
3.6000 
0.0000 
5.2600 
0.0016 
3.1000 
0.0000 
3.9000 

-0.0017 

2.6600 
2.0000 
1.3000 
0.5000 

0,0350 

-0 0840 
-0.0630 

0 4178 

0.6235 

0.7710 

0,8310 
0.5000 
0.0195 
1 3000 

2 3000 
0 0016 
3 9600 

3.8000 
0 0006 
4. 6000 

5.6000 

1.8000 

2,6000 
0.0047 
3.6000 
0.0000 
5.2600 
0 e 0005 
3.1000 
0.0000 
3.9000 

-0.2321 

0.0421 

-0.0044 

- 0 0403 

-0 0006 
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335 8 
2.6600 
2.0000 
1.3000 
0.5000 

0.0350 

0.0000 
0 D 0000 

0.5832 

0 7535 

0.7840 

1.0113 

1 3000 

0 5000 
0.0000 

-0.3240 
2 3000 
0 I0022 
3.9600 
0 0715 
3 8000 
0,0000 
1;. 6000 
-0.0086 
5.6000 
0.0000 
1.8000 
0 a 0000 
2 6000 
0 0000 
3.6000 
0 a 0000 
5 2600 
0 0 0000 
3 1000 
0.0000 
3.9000 

2.6600 
2.0000 
1 3000 
0 5000 

0.0350 

0.0840 
0.0630 

0.7910 

0.8981 

0.8010 

1 2198 
0.5000 
-0.0369 
1.3000 

2.3000 
0.0030 
3 e 9600 
0.1170 
3 8000 
-0.0022 
L.6000 
-0.0159 
5 e 6000 
0.0591 
1.8000 
-0.0011 
2.6000 
-0.0089 
3 6000 
0.0000 
5.2600 
0.0007 
3.1000 
0 * 0000 
3.9000 

-0 4304 

2.6600 
2.0000 
1.3000 
0.5000 

0.0350 

0.1740 
0 1260 

1 0454 

1.0595 

0.8230 

1.4642 
0.5000 
-0.1011 
1.3000 
-0.5808 
2 e 3000 

3.9600 
0.1855 
3.8000 

4.6000 

5.6000 
0.1419 
1 8000 

2.6000 
-0.0236 
3.6000 
0.0001 
5.2600 
0.0034 
3.1000 
-0.0001 
3.9000 

0.0040 

-0.0078 

-0.0277 

-0 0061 
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Model 

a 
b 

d 
c 

W'f,  

H2Pril/bm 

GIM 
VF 

"mPm/% 

SCAT/H 

K l  
L l  
K 2  
L 2  

K 3  
L 3  
K4 
L4 
K 5  
L5 

K7 
L 7  

K 9  
L 9  
K l O  
L l O  

K l l  
L l l  
K 1 2  
L l Z  

K 6  
L 6  

K 8  
L8 

3 2400 
2.0000 
1 3000 
0.5000 

0 0 0120 

-0 ., 1740 
-0.1260 

0,3071 

0 5343 

0.7650 

0.7106 
0.5000 
0.0297 
1.3000 

2 3000 
-0.1706 

0.0003 
4. 5400 
0.0264 
3 e 8000 
0 e 0007 
4 I) 6000 

5 e 6000 

1.8000 

2 6000 
0 0069 
3 6000 
0 0000 
5 8400 
0 ., 0017 
3.1000 
0 0 0000 
3.9000 

-0,0024 

-0 ., 0689 

-0.0018 

3 2400 

1 3000 
2 D 0000 

0.5000 

0 u 0120 

-0 0840 
-0 3 0630 

0 e 4.412 

0 6535 

0.7730 

0.8716 
0.5000 
0,0206 
1.3000 

2 e 3000 
-0,2451 

0.0004 
4.5400 
0 0466 
3 e 8000 
0,0007 
4.6000 

5 6000 

10 go00 
-0 e 0006 
2 ., 6000 
0 0050 
3.6000 
0 0 0000 
5 8400 

3 1000 
0 s 0000 
3 a 9000 

-0.0049 

-0.0422 

o 0005 

584 

3 2400 

1 3000 
2 e 0000 

0.5000 

0 0 0120 

0 D 0000 
0.0000 

0,6128 

0 785.4 

0 7870 

1.0552 
0.5000 
0 e 0000 

-0 3404 
1.3000 

2.3000 
0 0006 
4.5400 
0 a 0784 
3 8000 
0,0000 
4.6000 
-0 0095 
5 6000 
0.0000 
1 e 8000 
0 n 0000 
2 6000 
0 e 0000 
3 ., 6000 
0 0 0000 
5 8400 
0.0000 
3.1000 
0 3 0000 
3 9000 

3.2400 

1 3000 
2.0000 

0.5000 

0 D 0120 

0.0840 
0.0630 

0 8272 

0.9317 

0.8040 

1 2670 
0.5000 
-0 e 0386 
1.3000 
-0 4596 
2 ., 3000 
0.0008 
4.5400 
0 a 1270 
3 e 8000 

4.6000 

5.6000 
0.0614 
1 e 8000 
-0 0 0012 
2 6000 
-0 e 0093 
3 6000 
0.0000 
5.8400 
0 0007 
3.1000 
0.0000 
3 9000 

-0 0024 

-0,0173 

3.2400 
2.0000 
1 ., 3000 
0.5000 

0 e 0120 

0 1740 
0 e 1630 

1.0886 

1.0947 

0 e 8260 

1 5149 
0.5000 

1.3000 
-0.6047 
2.3000 
0 * 0010 
4.5400 
0 0 1999 

-0.1052 

3 8000 
-0,0085 
4.6000 
-0.0300 
5 6000 
0 1468 
1 8000 

2.6000 
-0 ., 0246 
3 e 6000 
0.0000 
5.8400 
0.0036 
3.1000 
-0 e 0001 
3.9000 

-0 e 0063 
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Model 

a 
b 

d 
C 

w9, 

H24n/Dm 

G I M  
VF 

n m p m / s  

SCAT/H 

K l  

L l  
K 2  
L 2  

K 3  
L 3  
K 4  
L 4  
K 5  
L 5  

K7 

L 7  

K9 
L 9  
K l O  
L l O  
K l 1  
L l 1  
K 1 2  
L l 2  

L 1 3  

K 6  
L 6  

K g  
L8 

K 1  3 

2 9400 
2 0 0000 
1 a 3000 
0 5000 

0 0160 

-0.1740 
-0,1260 

0,3072 

00 5334 

0 7660 

0 7096 
0.5000 
0 a 0296 
1 3000 

-0.1707 
2 3000 
o 0004 
4.2400 
0 0264 
3 8000 
0,0007 
4.6000 

5.6000 

1.8000 

2 e 6000 
0 a 0069 
3.6000 
0 0 0000 
5 5400 
0 0017 
3.1000 
0 D 0000 

-0.0024 

-0 0068 

-0 0018 

3 a 9000 

2 9400 
2 0 0000 
1.3000 
0 5000 

0 0160 

-O0O8L+0 
-0.0630 

0 4406 

0 a 6517 

0 7740 

0 8694 
0,5000 
0 0206 
1 3000 

2 3000 
0 0006 

0 e 0464 
3 8000 
0 0007 
4, 6000 

5.6000 

1.8000 
-0 0006 
2 e 6000 
0,0050 
3,6000 
0 * 0000 
5 5 54.00 
0.0005 

0 3 0000 
3 9000 

-0 0 24.48 

4.2400 

-0 0049 

-0.0421 

3,1000 

770 8 
2 9400 
2 J 0000 
1 3000 
0.5000 

0 0160 

0 0 0000 
0 0 0000 

0 6113 

0.7828 

0 7870 

1 0519 
0,5000 
0 0 0000 
1 3000 

-0,3396 
2 3000 
o e 0009 

2400 
0 0779 
3 8000 
0 0 0000 
4.6000 

-0 0095 
5 6000 
0.0000 
1 8000 
0 * 0000 
2 6000 
0 0 0000 
3.6000 
0 0 0000 
5 0 5400 
0 IO000 
3,1000 
0 J 0000 

2 9400 
2 0 0000 
1 3000 
0 5000 

0 0160 

0.0840 
0 0630 

0 8248 

0 9284 

0.8050 

1 e 2627 
0,5000 

1 3000 
-0,4582 
2 3000 
0 0 0012 

0 1262 
3 8000 

4 6000 

5 6000 
0 a 0612 
1 8000 

-0 0 0012 
2 6000 

-0 0093 
3.6000 
0 0 0000 
5 0 5400 
0.0007 
3.1000 
0 e 0000 

-0,0385 

4.2400 

-0.0023 

-,O 0172 

2 9400 
2 0 0000 
1 3000 
0.5000 

0.0160 

0 1740 
0.1630 

1 0850 

1.0908 

0 8260 

1 e 5096 
0,5000 

1.3000 

2.3000 
0 0016 

0 1985 
3.8000 

4.6000 

5 6000 
0 1463 
1.8000 

2.6000 
-0.0245 
3.6000 
0.0000 
5 5400 
0.0035 
3.1000 
0 0 0000 

-0.1049 

-0.6028 

4.2400 

-0.0084 

-0.0298 

-0.0063 

~. 3 9000 3 9000 3 9000 
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Model 

a 
b 

d 
C 

%/% 
GIM 
VF 

‘ Pm/Dm 

nmPm/% 

SCAT/H 

K l  
Ll 
K 2  
L2 
K 3  
L3 
K4 
L4  
K5 
L5 

K7 
L7 

L 8  
K 9  
L 9  
K l O  

Ll 0 
Kl 1 
Lll 
K 1 2  
L12 

K6 
L 6  

K 8  

K 1  3 
L 1  3 

2.9400 
2.0000 

0.5000 
1 3000 

0.0090 

-0 1740 
-0 1260 

0 a 3191 

0.5493 

0.7680 

0.7311 
0.5000 
0 e 0308 
1.3000 

2.3000 
0.0003 
4.2400 

-0.1773 

0.0283 
3 8000 
0.0007 
4,6000 

5.6000 

1.8000 

2.6000 
0.0072 
3.6000 
0.0000 
5 5400 
0.0017 
3.1000 
0.0000 
3.9000 

-0.0026 

-0.0709 

-0.0019 

2 9400 
2.0000 

0 e 5000 
1 a 3000 

0 a 0090 

-.0.0840 
-0 0630 

0.4548 

0 6674 

0.7760 

0.8910 
0.5000 
0.0212 
1 e 3000 
-0.2527 
2 e 3000 
o 0004 
4 e 2400 
o ., 0.491 
3 8000 
0 0007 
4.6000 

5.6000 

1.8000 
-0.0006 
2.6000 
0,0051 
3.6000 
0.0000 
5 5400 
0 e 0005 
3 0 1000 
0.0000 
3.9000 

-0.0052 

-0.0432 

865-885 2 
2 e 9400 
2.0000 

0,5000 
1 3000 

0.0090 

0.0000 
0 * 0000 

0 6280 

0 7983 

0.7900 

1.0737 
0 5000 
0 e 0000 

-0 * 3489 
1.3000 

2.3000 

L: 2400 
0 0005 

0,0817 
3.8000 
0,0000 
4 6000 
-0 0100 
5.6000 
0.0000 
1 8000 
0 0 0000 
2 6000 
0.0000 
3.6000 
0.0000 
5 5400 
0 0 0000 
3 D 1000 
0.0000 
3.9000 

2.9400 
2 0 0000 

0 5000 

0 0090 

0 0840 
0 0630 

1 3000 

0.8441 

0 9438 

0 8080 

1 2849 
0 5000 
-0 0394 
1.3000 
-0.4689 
2 3000 
0.0007 

0.1315 
3 a 8000 

4.6000 

5 a 6000 
0.0623 
1.8000 
-0.0012 
2.6000 
-0.0095 
3.6000 
0.0000 
5.5400 
0.0008 
3.1000 
0 0000 

4.2400 

-0 0025 

-0.0180 

3.9000 

2.9400 
2.0000 
1.3000 
0.5000 

0.0090 

0.1740 
0 1260 

1.1070 

1 1060 

0.8290 

1 5324 
0.5000 

1 ., 3000 

2 e 3000 

-0 a 1070 

-0.6150 

0.0009 
4.2400 
0.2056 
3.8000 

4.6000 

5.6000 
0.1485 
1.8000 

2.6000 
-0 0250 
3.6000 
0 e 0000 
5 54.00 
0.0036 
3.1000 
-0.0001 
3.9000 

-0 0088 

-0.0310 

-0.0064 
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